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ABSTRACT
As part of the Boston Harbor Clean-up program, the
Massachusetts Water Resources Authority (MWRA) will plan and
implement a solution to the problem of combined sewer
overflows: a problem resulting in raw sewage spilling into the
harbor whenever excess rainwater flows into the sewer system.
By the end of 1988 the MWRA is expected to select the
technological solution approach that it will use to abate the
flow of sewage pollution from combined sewer overflow
discharge pipes. Indications are that the MWRA will select a
conventional end-of-pipe engineering solution, such as the
deep tunnel plan, which will carry costs of around $1 billion.
Innovative approaches to controlling stormwater problems at
the source, before runoff enters the sewer system, have been
used more frequently in recent years by other cities and towns
as an alternative to costly structural improvements to sewer
and drainage systems. Many urban planners and landscape
architects have noted that the application of ecological
drainage practices in urban settings can effectively and
economically achieve stormwater management goals while also
contributing other significant environmental and social
benefits. Forthe Boston area, innovations to reduce the flow
of stormwater into the combined sewer system hold the
potential to reduce the need for large end-of-pipe solutions
and to generate opportunities for creating new greenspaces and
improving neighborhood environments.
However, obstacles and institutional forces need to be
recognized and overcome in order to make room for innovation
in the MWRA's plans to solve the combined sewer overflow
problem. The MWRA and the public must be given sufficient
opportunity by the federal regulatory entities to investigate
and consider the potential benefits and costs of source runoff
controls. Responsibility for solving the problem must be
equitably shared between the MWRA and the communities
contributing to it via their combined sewer systems. And
policies and incentives must be established to encourage
communities and land developers to control stormwater inputs
into the sewer system.
ACKNOWLEDGEMENTS
Sincere thanks to all my family, friends, and colleagues for
their inspiration, support, and infinite patience.
TABLE OF CONTENTS
INTRODUCTION 6
PART I A NEW CSO SOLUTION APPROACH ON THE HORIZON
CHAPTER 1 BACKGROUND: BOSTON HARBOR'S CSO PROBLEM 10
The Boston Harbor Clean-up and the MWRA
The Combined Sewer Overflow Problem
Engineering Solutions Considered in the Past
The Deep Tunnel Plan: A Likely Solution
CHAPTER 2 MANAGING LAND TO CONTROL STORMWATER 30
Ecology Provides New Ideas For Urban Problems
Urban Land: The Source of the CSO Problem
Planning for "Natural" Drainage in the City
Innovation May Reduce Deep Tunnel Costs
CHAPTER 3 EXAMPLES OF INNOVATION IN OTHER CITIES 48
Buildings Designed for Runoff Control
Stormwater Ponded Within Neighborhood
Streets and Parking Lots for Storage
Runoff Used as a Water Supply Resource
Urban Open Space Planned for Drainage
User Fees Based on Runoff Contribution
PART II WILL BOSTON MISS A "GREEN" OPPORTUNITY?
CHAPTER 4 OPPORTUNITIES FOR A GREENER ENVIRONMENT 67
Less Runoff Equals More Green Spaces
Two New "Olmsted-style" Parks for Boston
Possibilities for Creative Integration
Steps Toward a More Ecological City
CHAPTER 5 OBSTACLES TO INNOVATION 78
New Approaches Overlooked by Engineers
MWRA Pressured to Make a Quick Decision
Innovation Requires Local Responsibility
Extra Benefits Difficult to Account-for
PART III MAKING ROOM FOR INNOVATION
CHAPTER 6 PUBLICIZING INNOVATIVE OPTIONS 87
A Conference of Experts in Boston
Public Displays of Landscape Possibilities
Forums to Inform Neighborhood Residents
Demonstration Projects Showing Innovation
CHAPTER 7 COLLECTING NEW DATA ON THE URBAN LANDSCAPE
How Impervious is the Urban Landscape?
How Much Stormwater Rushes Into Sewers?
What's the Potential for Innovation Here?
CHAPTER 8 ADDRESSING INSTITUTIONAL OBSTACLES 101
Regional Ecosystem Management
Shared Responsibility for CSO Control
Economic Incentives for Innovation
Choice for Communities and Neighborhoods
CONCLUDING THOUGHTS 110
NOTES 113
BIBLIOGRAPHY 117
INTRODUCTION
An important decision affecting the Boston-area
environment is soon to be made by the Massachusetts Water
Resources Authority (MWRA). As part of the "Boston Harbor
Clean-up" program, the MWRA will decide on the technological
approach it will use to solve the problem of combined sewer
overflows (CSO). This decision will carry enormous costs, and
will help shape the future of Boston's environment into the
21st century, and well beyond.
Most likely, the MWRA will choose the Deep Tunnel
approach, which involves digging deep into the earth to carve
out huge underground caverns for storage of overflowing
sewage. This may add an additional one billion dollars to the
cost of the Harbor Clean-up. It would be another
"mega-project" in Boston, requiring numerous construction
workers, using gigantic pieces of tunneling equipment, and
taking up space for storing equipment and disposing of mounds
of dug-up bedrock. It would help clean up the water, but it
would also affect life on the land in many significant ways.
Although the Deep Tunnel approach to solving combined
sewer overflow problems is a relatively recent development in
the sewer system field (it was first -used in Chicago starting
in 1973), it is really an "old" solution, continuing in the
tradition of sewer engineers who like to solve problems by
making things bigger and taking things farther away. While new
ideas have spawned new technologies everywhere in modern
society, the technology of sewers and cleaning water is not
much different than it was early in this century. Most
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advances in wastewater management during the years have really
been little more than improving on old ideas.
But there are indications that innovation is coming into
wider use in the management of urban stormwater, and that a new
solution approach to CSO problems is on the horizon, providing
a potential alternative to conventional solutions such as deep
tunnels. Not surprisingly, this innovation does not come from
sewer engineers, who are still welded to their ways, but rather
it comes from a new breed of landscape architects and urban
planners who use nature and ecology as allies in shaping the
essential life-support systems of cities. If their
"experiments" in other places are viewed as windows into the
future, they show that an "appropriate technology"--innovative
urban land management--is a rising star in the field of
solutions to stormwater problems. Innovative land management
encompasses a variety of techniques which seek to control storm
runoff at the source--before stormwater can enter the sewer
system--rather than at the end of the pipe after stormwater
floods into the system.
As the Boston area sits on the verge of a monumental
decision regarding how to keep untreated sewage from spilling
out of CSO pipes, these questions are worth asking: Is there
room for innovation in solving Boston Harbor's combined sewer
overflow problem? Will decision-makers here be farsighted
enough, and bold enough, to bring the worthwhile innovations of
tomorrow into use in Boston today?
While there are grand opportunities for using innovation
to make the urban environment a better place to live, there
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are equally large obstacles to innovation here. Such
obstacles, including the rush to "clean up" the Harbor as
quickly as possible, may cause the Boston area to miss out on
the potential opportunities and benefits of using
future-oriented solutions to the CSO problem.
Remedying these obstacles would require additional effort
to generate and publicize new information, and additional time
for evaluating the possible options and making an appropriate
decision. But because of the presence of a court order to
bring wastewater management in metropolitan Boston in
compliance with the federal Clean Water Act, the MWRA may not
have sufficient opportunity to investigate whether to use
innovation as part of its comprehensive CSO solution plan.
What looks best to the MWRA in the short term may not be what's
best for the Boston- area in the long term, however. Making
room for innovation would require changing perceptions of the
CSO problem and doing focused investigations of the potential
for reducing storm runoff flows nearer to the source.
Part I of this three-part report presents information on
new ideas in urban ecology and resource management, and what
those ideas suggest as a better solution approach to combined
sewer overflows. Examples of the ways innovative stormwater
management is coming into use in other cities are also
presented. Part II considers whether the Boston area may miss
out on an extraordinary opportunity to fix up the landscape
while it cleans up the Harbor. And finally, Part III offers
suggestions on how to give innovation the chance and the
scrutiny it deserves here.
PART I
MANAGING LAND TO CONTROL STORMWATER
"The most effective, efficient, and economical
solutions to urban water problems are
frequently found upstream of where the problem
is felt most forcefully."
ANNE WHISTON SPIRN
BACKGROUND: BOSTON HARBOR'S CSO PROBLEM
Action is finally being taken to "clean up" Boston Harbor,
which has become one of the most polluted bodies of water in
the nation. A new state authority has been created to carry
out a complex and ambitious program to eliminate the three
major sources of pollution in the Harbor. One of these sources
is combined sewer overflows (CSO's), a pollution situation
common to many older cities with sewers that are designed to
receive both sewage and stormwater. Along the coast of Boston
Harbor and the rivers which flow into it are nearly 100
overflow pipes which serve as the sewer system's relief valve:
whenever rainwater fills the underground sewer pipes beyond
their capacities, excess flows of combined wastewater are
redirected to the overflow pipes where they are allowed to
spill into the Harbor's waters completely untreated. In the
past, several studies were conducted by various agencies to
develop a solution to the CSO problem, but most of the studies'
recommendations were never enacted. Now the Massachusetts
Water Resources Authority (MWRA) is investigating possible
solutions to the problem, and it is under federal court order
to propose a solution strategy by the end of 1988. Most
likely, the MWRA will choose to solution approach known as the
Deep Tunnel Plan, a massive engineering project to create huge
tunnels hundreds of feet underground in order to store excess
wastewater before it has a chance to overflow into Boston
Harbor.
CHAPTER 1
THE BOSTON HARBOR CLEAN-UP AND THE MWRA
Wastewater and sewage from the cities and towns in the
Boston metropolitan area have been flushed into Boston Harbor
for more than 150 years. As early as the turn of the century,
people in and around Boston began to take notice of the filthy
water in Boston Harbor and its effects. Between 1900 and 1940
numerous investigations were made and legislative acts filed
concerning sewage pollution in the harbor, but little progress
was achieved in abating the flow of pollution. In 1933, the
Massachusetts legislature passed a law requiring oysters taken
from the Harbor to be purified before being sold on the
market. Investigations ordered by the legislature in 1936 and
1939 found serious bacterial pollution, nuisance conditions,
and "objectionable floating matter" around coastal bathing
beaches and around various sewer discharge, pipes along the
Harbor's edge. In 1952, a primary sewage treatment plant was
constructed at Nut Island near Quincy, Massachusetts to provide
minimal cleansing of wastewater prior to its discharge. A
similar treatment plant was built at Deer Island in 1968 to
treat flows from communities in the northern part of the
metropolitan area.
In spite of the construction of these facilities, Boston
Harbor continued to be polluted by poorly treated wastewater
from the plants, sewage sludge dumped daily into the water, and
intermittent spills of raw sewage from combined sewer overflow
outlets. During the 1970's, a time when many cities around the
country used generous federal subsidies to improve their water
pollution control facilities in order to meet the requirements
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of the new Clean Water Act, the plants at Deer and Nut Islands
were allowed to fall into disrepair and ineffective operation
by the underfunded and understaffed state agency in charge--the
Metropolitan District Commission (MDC).1
To force state action to end the continuing and unlawful
pollution of Boston Harbor, the City of Quincy and the
Conservation Law Foundation filed lawsuits in 1982 and 1983
respectively, charging the MDC with violations of clean water
standards. In response to subsequent orders handed down by a
state superior court judge, Paul Garrity, the state legislature
reorganized the management and operation of the regional water
and sewer system, creating a new state authority with broad
powers to carry out effectively a needed water pollution
abatement program in Boston Harbor.
The Massachusetts Water Resources Authority (MWRA) on July
1, 1985 took over the water and sewer responsibilities of the
MDC. These responsibilities involve the provision of water
supply and sewage disposal services to sixty cities and towns
in the Boston metropolitan area. The powers granted to the MWRA
in its Enabling Act include: independence from legislative and
political control, the freedom to plan programs and hire and
manage new personnel as needed, the ability to borrow funds
separately from the state's account, and the authority to
charge user communities the full cost of providing water and
sewer services. The MWRA is directed by an eleven-member Board
of Directors, representing a mix of local and state-wide
interests. Day to day management and decision-making at the
MWRA is the responsibility of an executive director. An
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advisory board to the MWRA, made up of one representative from
each of the sixty member communities, offers occasional
recommendations to the Board on budget and policy matters,
although the Board is not legally obligated to adhere to the
advisory board's advice.
The primary job of the MWRA is the program commonly known
as the Boston Harbor Clean-up. To be precise, the Clean-up is
not an effort to remove the years of accumulated waste and
debris in the harbor. Rather, it is an effort to eliminate the
ongoing daily flow of pollution into the harbor's waters. The
Clean-up consists of programs to eliminate the three major
sources of harbor pollution:
1. WASTEWATER: over 450 million gallons of poorly treated
wastewater is discharged each day from the primary
treatment plants at Deer and Nut Islands;
2. SLUDGE: over 100,000 pounds of sludge, the solids
collected via the treatment processes, are dumped each
day on the outgoing tides near Deer Island;
3. COMBINED SEWER OVERFLOWS: during rainstorms, millions of
gallons of raw combined sewage and stormwater spill out
through overflow pipes all along the coast.
The MWRA has drawn up plans and has begun implementing
solutions to the wastewater and sludge problems. The treatment
plant at Deer Island will be expanded and upgraded to provide
secondary treatment of wastewater. The Nut Island plant will
be phased out, with all of its flows redirected to the larger
Deer Island facility. A facility to transform the
nutrient-rich sludge into fertilizer and compost for use on
land is scheduled for construction. The costs of these
programs alone have been estimated at over six billion dollars
during the next decade. Because the federal government is in
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the process of ending its financial assistance programs for
minicipal sewer system improvements, most, if not all of the
costs, are expected to be paid for by the users of the MWRA
system.
A solution approach to the problem of combined sewer
overflows has not yet been developed by the MWRA. Consultants
to the MWRA are currently investigating various options and
they are expected to recommend a preferred solution by the end
of 1988.
Court proceedings led to the creation of the MWRA, and
court involvement will continue to play a major part in the
Boston Harbor Clean-up and the affairs of the MWRA. Soon after
the MWRA was created in 1985, a federal court judge, David
Mazzone, found the agency in violation of the Clean Water Act.
He ordered the MWRA to move expeditiously to meet the
requirements of the law, and he established a timetable for
meeting major goals and interim steps along the way. The
timetable requires that sludge dumping end by 1991, and that
the secondary treatment plant at Deer Island be completed by
1999. A goal for eliminating the CSO problem will be
established when engineers provide more information about how
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to solve the problem, and how quickly it can be accomplished.
An interim schedule requires the MWRA to identify a solution
approach by December 1988.
In taking over the responsibilities of the MDC, the MWRA
inherited an antiquated and crumbing water and sewer system,
and it stepped into a difficult web tangled with legal,
political, financial, and technological challenges. Under the
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direction of Paul F. Levy, its new executive director, the MWRA
is moving forward to rehabilitate the vital water and sewer
infrastructure which underlies the Boston metropolitan area,
and to meet the goals of the Boston Harbor Clean-up. The
agency's vision of a cleaner, more pleasurable and productive
Boston Harbor, is expressed on a poster that has been
distributed to area schools:
"With less pollution in the water the harbor will be
home for twice as many marine mammals. More birds, fish
shellfish and other animals that need clean water will
return. Harbor seals, lobster, striped bass, and
decorator crabs will return to Boston Harbor. Cleaner
beaches will also bring more shellfish and shore birds.
Pleasure fishing, sailing, swimming and island picnics
will be more fun in the future Boston Harbor."
THE COMBINED SEWER OVERFLOW PROBLEM
Many modern cities today, including Boston and its
neighboring suburbs, are built atop sewer systems which were
put into the ground long before the time of automobiles,
airplanes, and television. These sewer systems, built as early
as the mid 1800's, are designed to receive domestic and
industrial sewage wastes, along with storm runoff flowing off
of the city's surface. Hence, these systems are known as
combined sewers because they receive and transport a
combination of sewage waste and stormwater. This is in
contrast to a sewer system design common to newer
cities--separate sewers which have one set of pipes for waste,
and another set of pipes for stormwater. The basic difference
between combined and separate sewers is illustrated in Figure
1-1. Of the nation's largest cities, New York, Chicago,
Philadelphia, Detroit, Washington, Cleveland, Indianapolis,
15
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Milwaukee, San Francisco, St. Louis, and Boston, all have
combined sewer systems.3
The problem with combined sewers is that the pipes and the
downstream facilities typically are not large enough to handle
the combined flows during rainstorms. Engineers at the time
knew this, so they built in overflow points within the system
to release excess flows. Because their primary goal was to
adequately drain city streets, to prevent sewer back-ups on
streets and in people's homes, and to move sewage away from
urban areas, they were less concerned about overflow discharges
into lakes or oceans, especially if those discharges didn't
affect drinking water supplies.4 The historical development of
combined sewer systems involved a sequence of decisions
starting in the mid-1800's and continuing into the early
1900's--all of which seemed sensible and correct from the
perspectives of the time. Unfortunately, many cities today are
paying a heavy price for their inherited combined sewer
systems--the costs associated with the serious water pollution
problems they create, and the enormous costs involved in fixing
the problem.
When precipitation falls onto the urban landscape, it runs
off streets, rooftops, and other surfaces, and eventually finds
its way into catch basins which lead into combined sewers.
Stormwater itself often becomes loaded with pollutants as it
washes debris, animal waste, chemicals, grease, and metals off
city streets and sidewalks. When stormwater flows into the
combined sewer system, it rushes in in large volumes during
relatively short time periods. "Wet weather flows" sometimes
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exceed 100 times the normal flow rate of "dry weather flows." 5
During precipitation events, the excess flow rates of combined
stormwater and sewage exceed the limited conveyance capacities
of underground pipes and interceptors. To prevent pipes from
bursting or backing up, and to prevent the downstream sewage
treatment plants from being flooded, excess wet weather flows
are allowed to spill out through combined sewer overflow
outlets. Figure 1-2 illustrates a combined sewer system and
the resulting overflows during rainstorms.
The combined sewer overflow problem in Boston Harbor
results in raw combined sewage spilling into the harbor and its
tributaries an average of sixty times per year. Approximately
100 overflow pipes are located along the coast, and it is
estimated that over 5.7 billion gallons of polluted wastewater
flows out of these pipes each year.6 While this quantity of
flow is only a small fraction of total wastewater volume
handled by the sewer system, it causes significant damage to
aesthetics and aquatic life, and it poses serious health risks
to people, because of its close proximity to the shoreline and
beaches. A 1975 report by the MDC states:
Although pollution from combined sewer overflows is only
intermittent and has been estimated to occur on the
average only about five or six times per month for short
periods of time, the location of such discharges makes them
a deterrent to the effective use of the Boston Harbor as a
recreation resource. The problem is not the overall volume
of pollution discharged annually, which is relatively small
compared to the receiving water in the Harbor, but the
intermittent discharge of floating matter, undisinfected
fecal wastes, debris and other solids constituting a danger
to health and aesthetics of the Boston Harbor water
resources.7
Of the forty-three communities connected to the MWRA sewer
system, five have combined sewers which result in the harbor's
18
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CSO problem. Most of Boston, Cambridge, Somerville, and
Chelsea, and a small part of Brookline have combined sewers
systems. These communities contain about half of the service
district's two million population. The land area drained by
these combined sewer communities has been estimated at between
17,000 and 24,000 acres.8 Figure 1-3 shows the combined sewer
area and the locations of numerous combined sewer overflow
points around Boston Harbor.
The problem of combined sewer overflows has been described
as the "biggest problem confronting the Boston Harbor area." 9
The waters of Boston Harbor, especially areas most accessible
to the waterfront, will not reach their full potential as
valuable recreational and natural resources unless the CSO
problem is solved. During the past twenty years, several
studies were conducted on ways to solve the CSO problem, but
these studies ended up sitting on the shelf. Soon however,
the MWRA will be forced to choose a solution approach and carry
it out, in order to achieve the goal of a cleaner Boston
Harbor.
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ENGINEERING SOLUTIONS CONSIDERED IN THE PAST
Two comprehensive studies have been conducted previously
regarding alternative solutions to the overall CSO problem of
Boston Harbor; one in 1967, and the other in 1975. In
addition, numerous smaller investigations were made on
scattered individual CSO outlets. Because these smaller
studies focused on specific conditions at specific CSO
locations, and were not intended to provide an ultimate
solution the entire CSO problem, they are not discussed here.
The two comprehensive studies examined various engineering
approaches to preventing raw polluted sewage from being
discharged through combined sewer overflows. The basic
approaches evaluated involved: sewer separation, storage of
overflows, or treatment of overflows.
In 1967, the consulting firm of Camp, Dresser and McKee
(CDM) completed a study for the City of Boston entitled,
"Improvements to the Boston Main Drainage System." This study
considered four methods four solving the area's CSO problem.
The study stated that, "each of the four methods could result
in the significant reduction of discharges of mixed sewage and
stormwater to nearby watercourses, and either provide a degree
of treatment for such flows, or carry them to a point where
additional treatment may not be needed." The four solution
options included:
1. SEWER SEPARATION: Complete separation of all sanitary
sewerage and storm drainage systems in areas presently
served by combined sewers.
2. CHLORINATION TANKS: Construction of chlorination
facilities at selected CSO locations to disinfect
overflows prior to discharge into the harbor.
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3. HOLDING TANKS: Construction of large tanks for
temporarily storing overflows, and releasing stored
waters back into the sewerage system following storms.
4. DEEP TUNNEL PLAN: Construction of a 17-mile storage
tunnel network in bedrock beneath the City to receive
overflows, and provide for screening, chlorination,
and eventual discharge through a new outfall pipe
at sea.
In evaluating these alternatives, CDM rejected Sewer
Separation because it "would require the digging up of every
street and result in enormous traffic problems that would
interfere with everyday traffic," and because of its high costs
($520 million, 1967 dollars).11 The Chlorination Tank method
was rejected because it "would not affect the discharge of
putrescible organic matter," and because it would require much
land and involve complex operations and maintenance. The
Holding Tank method was rejected because it would require even
more land than the chlorination method and would cost more than
any other alternative. The consultants recommended that "the
City of Boston adopt the Deep Tunnel Plan alternative at the
earliest possible date," for several reasons:
a) The Deep Tunnel Plan was the least-cost alternative,
estimated at $430 million.
b) It provided capacity to abate pollution from all
five combined sewer communities.
c) It would not require the use of large land areas, nor
cause interference with traffic or surface activities.
d) The costs might possibly decline with improvements
in rock boring technology.
e) The Deep Tunnel Plan provided means for disposing of
all polluted surface water and sewage well out to sea
away from any inhabited areas.
In 1975, after no action was taken on the earlier
recommendation for implementing the Deep Tunnel Plan, a new
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study was completed for the MDC by the consulting firm of
Metcalf & Eddy. This study, commonly known as the EMMA study
(short for Wastewater Engineering and Management Plan for
Boston Harbor - Eastern Massachusetts Metropolitan Area),
investigated the overall pollution problem in Boston Harbor,
including combined sewer overflows. Three CSO solution methods
were evaluated in the 1975 EMMA Study:
1. SEWER SEPARATION: same concept as the earlier CDM
study
2. DEEP TUNNEL PLAN: same as the earlier study
3. DECENTRALIZED PLAN: A modification of the Holding
Tank-Chlorination Tank concepts, this approach
involved consolidating flows from groups of CSO's
in 38 separate projects, and providing treatment and
disinfection for some waters, and temporary storage for
other waters, at various sites along the harbor's
tributaries and coastline.
The EMMA Study once again rejected the Sewer Separation
approach because of its high cost ($1.7 billion, 1975 dollars)
and because it would not result in significant water quality
improvements. The Deep Tunnel Plan was also rejected due to
its high cost ($860 million). Metcalf & Eddy recommended
implementation of the Decentralized Plan for several reasons:
a) The Decentralized Plan was estimated to cost
only $279 million.
b) It would allow for staged implementation and the
targetting of priority areas.
c) It might be possible to overcome the large land area
drawback by designing for the multiple use of land,
such as placement of overflow regulation facilities
under parking garages, recreational facilities, parks,
parks, and bus stops.
While CDM and Metcalf & Eddy apparently disagreed on the
best way to solve the CSO problem, it's interesting to note
that the alternatives they examined were essentially identical
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in concept. They both looked at sewer separation, deep
tunnels, and end-of-pipe treatment facilities. CDM favored
deep tunnels, while Metcalf & Eddy favored a creative
assortment of end-of-pipe treatment facilities. Both firms
looked at ways to prevent polluted water from spilling out of
CSO pipes, but neither one seriously investigated ways to
prevent stormwater from coming into the sewer system in the
first place.
The recommendations from both the 1967 and 1975 studies
were not implemented by either the City of Boston or the MDC,
due in large part to an unresolved dispute over who was
ultimately responsible for solving the problem and paying for
it.12 While the MDC and the City of Boston debated the issue
of responsibility during the years prior to the creation of the
MWRA, they apparently didn't carry the debate over to the issue
of technological choice, even though their respective
consultants had recommended different approaches. This points
to a common ground of understanding between the parties about
how to technologically tackle the CSO problem. Both the MDC
and the City of Boston agreed that the solution would require a
huge expenditure (which they both sought to avoid) to employ
some sort of end-of-pipe solution technology. The particular
application of that type of technology , whether it be deep
tunnels or decentralized treatment, was less critical to the
debate than the bigger issues of how much would it cost, who
would plan it, and who would pay for it.
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THE DEEP TUNNEL PLAN: A LIKELY SOLUTION
On October 31, 1986, the MWRA conculsively settled the
unresolved question of CSO responsibility by announcing that it
would plan and implement a comprehensive program to correct the
CSO problem. The MWRA justified this decision by noting that:
1) It was the only entity capable of planning, financing,
and constructing the large facilities needed for CSO
abatement;
2) Planning for CSO control needed to be coordinated with
planning for the proposed secondary sewage treatment
plant at Deer Island;
3) Judge Mazzone would almost certainly have ruled that the
MWRA was legally liable for solving the CSO problem.
Michael Gritzuk, the MWRA's executive director at the time,
advised the Board of Directors: "Politically there may be
problems with this choice, but legally we have little chance of
avoiding responsibility and practically, we are the only entity
13
that can implement an effective regional CSO control program."
In settling the responsibility issue, the MWRA left
unchanged the technological course which had previously been
laid in the earlier studies. These studies validated the view
that the only way to solve the CSO problem was through the
construction of large facilities to capture or treat overflows
before they can spill into the harbor. As indicated by its
justification, the MWRA's decision rested on this engineering
view of the CSO problem--rather than offering anything new.
The MWRA is currently engaged in its own study of
alternative CSO solutions--the third major CSO study--and
preliminary signs indicate that the Deep Tunnel Plan is
emerging as a likely solution approach. The MWRA's
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consultants, the firm of CH2M-HILL, have already reported
favorably on the Deep Tunnel Plan, and they have afforded it
special emphasis in the scope of work. 4 The Deep Tunnel Plan
would be more easily implemented by the MWRA than other
engineering options. And deep tunnels have gained a track
record of use in three major U.S. cities.
In a technical memorandum to the MWRA in January of 1987,
CH2M HILL reported:
"Although initially considered too expensive an option,
improved technology and changed conditions make deep tunnel
storage worthy of consideration as a potentially viable
alternative for management of combined sewer overflow (CSO) in
Boston Harbor. A short-term effort was undertaken by CH2M HILL
at the direction of the MWRA to make a preliminary
determination of the physical and economic feasibility of
providing off-line deep tunnel storage of CSO prior to routing
it for treatment at the Deer Island Wastewater Treatment
Plant." 15
The basic menu of engineering options for CSO control has
changed very little since 1967. This can be seen in a
statement by Paul Levy at a recent meeting of the MWRA Advisory
Board: "There are basically three ways to solve the CSO
problem. One is to separate sewers so that storm runoff doesn't
mix with sewage. Another is to build 'mini' treatment plants at
each CSO outlet. And the third way is build deep tunnels for
temporary storage of the overflows." 16
Among these three options, the Deep Tunnel Plan is clearly
the most attractive from the MWRA's perspective. Sewer
separation would be too costly, too complex, and would still
result in the discharge of untreated stormwater into the
harbor. Decentralized treatment at individual CSO locations
would create difficult siting problems, would require the MWRA
to manage the construction and operation of numerous facilities
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throughout the metropolitan area, and would not achieve
complete control of CSO pollution. Compared to the other
options, the Deep Tunnel Plan would be more manageable, would
not require the siting of objectionable facilities within
congested areas, and would allow for nearly complete
elimination of the CSO pollution.17
As described by CH2M HILL in their preliminary feasibility
analysis, the Deep Tunnel Plan would involve the construction
of a network of tunnels, 33 feet in diameter, in bedrock
several hundred feet below Boston's surface. The carving out
of between twelve and seventeen miles of such tunnels could
provide storage for between 200 and 500 million gallons of
overflow waters. Based on the selected size of the deep tunnel
network, this could result in the elimination of between 85 and
99 percent of pollution caused by CSO's.
The cities of Chicago, Milwaukee, and San Francisco have
recently implemented deep tunnel solutions to their CSO
problems. A sketch showing how Chicago's Tunnel and Reservoir
Plan (TARP) works is presented in Figure 1-4. Although these
other projects have been expensive (with costs ranging from
several hundred million to several billion dollars), and time
consuming (sometimes taking over ten years to complete), they
have provided evidence which allows engineers to promote deep
tunnels as the number-one solution to combined sewer
overflows. And clearly, deep tunnels are superior to other
engineering solution options. But, might there be
non-structural solution options which haven't yet been explored
in the Boston area? And might there be good reason to explore
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such options before the Deep Tunnel Plan is selected and
designed for use in the Boston area? These questions are
considered in the following chapters.
HOW A TUNNEL AND RESERVOIR
SYSTEM WOULD WORK
During heavy storm, rainwater runoff and
sewage mix and Sanitary District is unable
to treat all the waste.
Treatment plant, fed by Interceptor pipe,
continues to treat sewage, while overflow
drops to tunnel.
The drop shaft funnels the mixture of
excess runoff and sewage to tunnel system
which conveys it to the reservoir.
Overflow sewage is held In reservoir until
the treatment plant can process waste.
Pumping station draws sewage for treat-
ment when facilities can handle the
waste.
Figure 1-4
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MANAGING LAND TO CONTROL STORMWATER
Caught between rising costs to provide essential public
services and dwindling sources of financial revenue, cities
everywhere are looking for new and less costly ways to solve
basic environmental resource problems such as water, sewage,
trash and energy. Increasingly, the wisdom of ecology is
providing the answers cities are looking for, pointing
decision-makers toward innovative solutions which strike at the
sources of problems, and away from conventional engineering
solutions which typically involve large and expensive
construction projects. A number of ecological urban planners
have recently identified an innovative "source-solution"
approach to resolving urban stormwater problems such as sewer
overflows and river flooding. Noting that the growth of modern
cities has covered the urban landscape with acre upon acre of
pavement, asphalt and other hard surfaces which drain
stormwater quickly into sewers, they 'reveal that the urban
landscape is the source of overflow problems--and that the
place to look for solutions is in the management and redesign
of urban land, rather than the construction of bigger sewers or
new facilities. They suggest, and demonstrate through working
projects, that by exploiting the natural drainage opportunities
inherent within the urban landscape, cities can manage
stormwater more effectively, at lower costs, and with greater
social and environmental benefits. The use of innovative
techniques to manage land with an eye toward the prevention of
off-site stormwater problems can possibly result in significant
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CHAPTER 2
cost savings, via a reduction in the need for excessively large
end-of-pipe sewer engineering facilities--such as deep tunnels.
In addition, the process of controlling urban stormwater on the
landcscape can yield numerous secondary benefits related to
environmental enhancement and community development.
ECOLOGY PROVIDES NEW IDEAS FOR URBAN PROBLEMS
Ecology, the branch of biology that explains how life
interrelates with the elements and processes of the natural
environment, is becoming increasingly useful in offering new
and better ways to solve environmental problems in urban areas.
Conservation-oriented solutions based on ecological insight and
principles are emerging as practical and economical
alternatives to capital- and energy-intensive technological
solutions. Water and energy conservation, waste reduction and
recycling, renewable energy sources, biological sewage
treatment, wetland and floodplain protection, and open
greenspaces protected from development, are examples of
ecological solutions applied to the resource and environmental
management needs of cities.
The lessons of ecology suggest that solutions to urban
problems should strike at the source of the problem, and should
be designed based on an understanding of the natural forces at
work in the urban system. By looking to prevent problems at
the source; by allowing nature to perform work that would
otherwise need be performed by mechanical technology; and by
identifying and exploiting the links between elements of the
urban ecosystem--cities can find new solutions to such
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contemporary problems as water supply, trash disposal, air
pollution, sewage treatment, and land management.
The past several years has seen a proliferation of
research and writing on the subject of appplying ecological
priniciples to the planning and design of cities and their
essential life-support systems. In City Form and Natural
Process, published in 1984, landscape architect Michael Hough
writes:
The fundamental objective for this book has been to
search for a design form for the modern city that
derives its inspiration from urban natural processes
(urban ecology) and the ultimate necessity of a conserver
ethic. The conserver society view is based on a recognition
of the need to come to terms with resource scarcity,
environmental pollution and the associated social issues.
In many fields the continuing expansion of current practice
will not be possible in the future. New perceptions are
evolving of human beings as biological creatures, immersed
in vital ecological relationships within the earth's
biosphere; of the earth's finite capacity as an
ecological system; of the need to understand the limits
of the system.1
Anne Whiston Spirn, landscape architect, urban planner, and
author of the 1984 award-winning book, The Granite Garden:
Urban Nature and Human Design, writes:
Nature pervades the city, forging bonds between the city
and the air, earth, water, and living organisms within
and around it. In themselves, the forces of nature are
neither benign nor hostile to humankind. Acknowledged and
harnessed, they represent a powerful resource for shaping
a beneficial urban habitat; ignored or subverted, they
magnify problems that have plagued cities for centuries,
such as floods and landslides, poisoned air and water.
Unfortunately, cities have mostly neglected and rarely
exploited the natural forces within them...This is a book
about nature in cities and what the city could be like if
designed in concert with natural processes, rather than
in ignorance of them. 2
Similar themes and concepts are echoed in Design for Human
Ecosystems, a book written in 1985 by John Tillman Lyle;
Bioshelters, Ocean Arks, City Farming: Ecology as the Basis
Design, written in 1984 by Nancy Jack Todd and John Todd; and
Sustainable Communities: A New Design Synthesis for Cities,
Suburbs and Towns, written in 1986 by Sim Van der Ryn and Peter
Calthorpe.
The most important ecological concept relevant to the
management of stormwater in the urban environment is that of
the cyclical flow of resources within natural ecosystems. The
fact that resources, such as energy, nutrients, and materials,
tend to flow in cycles, as in recycling, through ecosystems,
provides an important clue to designing new solutions to
resource problems. The most productive and sustainable
ecosystems in nature are the ones that utilize resources most
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efficiently. In such ecosystems, resources are used many
times over, which allows for the extraction of maximum benefit
from the resource before its release to an external system or
sink.
Cities looking to reduce the costs associated with the
maintenance of basic infrastructural life-support systems--
which are in essence resource flow management systems--can
learn from nature's "cyclical efficiency" model. By designing
infrastructural systems and resource management policies to
allow for and encourage a more cyclical flow of resources
through the urban ecosystem, cities can produce net benefits,
through decreasing resource management costs and increasing
benefits derived from resource consumption. Anne Spirn
describes this concept as follows:
Energy and materials flow in cycles through the urban
ecosystem, linking air, land, water, and living organisms
in a vast network. Identifying the links in the network
and their relative importance yields new insights and
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inspires more efficient deployment of activities,
resources, and space. With such knowledge, cities can
conserve resources and minimize wastes; they can dispose
of and reclaim wastes economically, safely, and
aesthetically; they can design individual parts of the
system to serve more than one purpose, and assess costs
realistically. 4
Most urban environmental problems are related to issues
involving resource flows, that is, the flow of materials or
energy into the urban ecosystem (supply provision), and the
flow of used materials or energy out of the system (waste
disposal). Every quantity of a resource moving through the
city has an associated potential value. The key to realizing
the maximum value of a particular resource is cycling the
resource through the urban ecosystem several times over, rather
than using it once and disposing of it. John Lyle neatly
illustrates how resource flows in urban areas tend to be
one-way, linear flows, which are ecologically inefficient, as
compared with the cyclical flow of resources in
well-functioning, efficient ecosystems (Figure 2-1).
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Figure 2-1 Source: Design For Human Ecosystems
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He describes the cyclical flow of resources, and the
typical impacts produced when the the cycle is disrupted or
broken in urban systems:
Water and the numerous elements that are essential to life
tend to move in cycles, being stored for certain periods of
time, then used by one organism, returned to the
environment, used by another organism, and so on, all in
repeating patterns that are more or less consistent. Human
use tends to radically alter these cycles in a variety of
ways, thus bringing about some of the most disastrous
of the ecological impacts caused by man. In general, human
use tends to speed up the cycles, sometimes to the extent
that they no longer function in purely cyclic ways. In some
cases critical shortages result, but more commonly, we find
materials being concentrated in places where nature cannot
deal with them in her normal fashion. 5
Michael Hough also discusses how a one-way flow of
resources is inefficient and costly to society. He suggests
that the way to reestablish circular flows of resources is to
integrate resource processes, to establish linkages which make
the by-product of one process an input into another process:
In human terms, the negative consequences of man-made
change on the environment occur when the necessary linkages
are not made. A house is an imposition on the land when the
resources necessary to sustain it are funnelled through a
a one-way system; water supply--bathroom tap--drain--public
sewer. Or, food--kitchen--dump. The byproducts of use serve
no useful function. The concept behind integrated
life-support systems is to make these linkages. They
actively seek ways in which human development can make a
positive contribution to the environment it changes. The
principles of energy and nutrient flows, common to all
natural ecosystems, are applied to the design of the
human environment. The wastes of one part of the life cycle
become the resource for another.6
The consequences, or net costs, associated with the flow
of a resource through a city are related to the costs involved
in the management of the resource (supply and disposal costs),
and the benefits to society derived from the consumption of the
resource. The potential value a resource represents to society
then, is the maximized value of the difference between benefits
and costs:
Net costs = (Supply and Disposal Costs) - (Use Benefits)
The terms in this equation can generally be defined as:
1. SUPPLY COSTS: The costs associated with bringing the
resource into city and maintaining the infrastructure
needed for its distribution and use.
2. USE BENEFITS: The value of the public and private
benefits derived from the use of the resource.
3. DISPOSAL COSTS: The costs associated with the disposal
of the used resource; including the short-term costs
of moving the waste out of the city, and the long-term
environmental costs and risks caused at the site of
disposal.
Figure 2-2 shows where these costs and benefits occur
along Lyle's resource flow sketch.
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Figure 2-2
The key idea to be gained from all this is that when a
cyclical resource flow pattern is established within the city
system, use benefits can be increased, while supply and
disposal costs can be decreased. This concept is applicable to
most urban resources, such as energy (fuel, heat, electricity),
nutrients (food, organic wastes), and water (drinking water,
wastewater, recreational water, and stormwater). It suggests
that human-designed solutions to resource issues should seek to
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maximize the benefits associated with the presence of the
resource within the urban system, while minimizing the costs
associated with its management.
Lyle observes that conventional engineering solutions to
urban stormwater flows typically involve linear processes which
squander valuable opportunities to extract use benefits from
stormwater within the urban environment:
The Confucian (engineering] approach, at least in its
modern application, thus seems more often than not
to be just another case of simple, single-purpose
solutions for complex, multi-faceted problems. In this
instance, the purpose is to move water as quickly as
possible out of an urban system to a place where it can
do no harm, thereby ignoring the many opportunities
for achieving a variety of other benefits as well. 7
Ecological principles suggest then, that a new solution
approach for stormwater flow problems, such as combined sewer
overflows, should involve efforts to address the problem at the
source, and should utilize natural cycles to reduce costs and
increase benefits. Michael Hough notes how stormwater
management which is modelled after, and designed in conjunction
with, the natural processes of water flow, can provide an
alternative to the traditional concept of building facilities
to manage larger quantities of flow:
The basic lesson that nature provides in the water cycle is
one of storage. Natural floodplains and lakes are the
storage reservoirs of rivers that reduce the magnitude of
peaks downstream, by spreading and equalising flows over a
longer period of time. Vegetated soils and woodlands
provide storage by trapping and percolating water through
the ground with minimum run-off and maximum benefit to
groundwater recharge. Water quality is enhanced by
vegetation and storage which in turn will contribute to
the diversity of natural and human habitat. Thus storm
drainage must be designed to correspond as closely as
possible to natural patterns, allowing water to be retained
and absorbed into the soil at a similar rate to natural
conditions. This principle is beginning to be recognised
among the planning and engineering professions as the
realistic alternative to current practice.8
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URBAN LAND: THE SOURCE OF THE CSO PROBLEM
The CSO problem in Boston Harbor is typically viewed as a
water pollution problem because it is in the harbor where the
effects are seen most forcefully. This view, which focuses on
the end of the pipe where raw sewage spills occur, leads
engineers and decision-makers to ask: What can be done to keep
polluted water from spilling out of these pipes and into the
harbor? In turn, this question leads to the kinds of
conventional engineering solutions which have been previously
been considered, such as sewer separation, deep tunnels, and
treatment of overflows.
An ecological perspective leads to a new question in the
search for solutions. Rather than looking for remedies at the
end-point of the problem, it suggests looking for solutions
near its origin, asking: 1) What can be done to prevent the CSO
problem at or near its source? and 2) How can stormwater be
managed to produce positive contributions to the urban
environment?
The source of the CSO problem can be found on the
landscape surface of the city, which, as a result of
development over the years, has become extensively covered with
cement, asphalt, and other paved and hard surfaces which repel
rainwater, causing it to runoff quickly in large amounts into
the combined sewer system. This represents man-made disruption
of natural precipitation flows within the natural hydrological
cycle. Anne Spirn and Michael Hough similarly describe the
impacts of urbanization on the flow of urban stormwater:
Spirn: The concrete, stone, brick, and asphalt of pavement
and buildings cap the city's surface with a waterproof
seal. Unable to penetrate the ground and unimpeded by the
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city's smooth surface, the rain which falls on roofs,
plazas, streets, and parking lots runs off the surface in
greater quantities, more rapidly than the same amount of
rain falling on the spongy surface of a forest or field.9
Hough: Urbanisation creates a new hydrological environment.
Asphalt and concrete replace the soil, buildings replace
trees, and the catch basin and storm sewer have replaced
the streams of the natural watershed. The amount of water
run-off is governed by the filtration characteristics of
of the land and is related to slope, soil type and
vegetation. It is directly related to the percentage of
impervious surfaces.10
The characteristics of the city landscape increase both
the volume of stormwater entering the sewer system and the rate
at which stormwater does so. This is directly linked to
combined sewer overflows, which occur when too much stormwater
(volume) enters the sewer system in short periods of time
(rate).
A study in Canada comparing urbanized areas with rural
areas, revealed that 43% of precipitation in urban areas
becomes runoff into the sewer system, while only 10% runs off
the vegetated surface in rural areas.' Another study conducted
in Philadelphia by the University of Delaware also revealed a
direct relationship between the percentage of paved surfaces
and the volume of precipitation becoming storm runoff (Table
2-1).
Table 2-1.
Paved Surfaces % Runoff (as a % of rainfall volume)
0 10
10 to 20 20
35 to 50 30
75 to 100 55
Source: "Water Resources as a Basis for Comprehensive
Planning and Development in the Christina
River Basin." Univ. of Delaware Water
Resources Center.
In addition to increasing runoff volume, the landscape of
the urban environment also causes significant increases in peak
discharge rates and a dramatic decrease in the time it takes to
reach those peak rates of flow. 12 Figure 2-3 illustrates how
urban areas typically generate earlier and faster rates of
storm runoff flows.
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Figure 2-3 Source: Urban Stormwater Management
The identification of urban land as the source of the
problem of combined sewer overflows is the first step toward a
new solution approach. The next step involves a look at what
can be done on the urban landscape to control stormwater--to
reduce its volume and rate of flow into the sewer system. In
other words, how can the landscape be planned and modified to:
exploit the natural processes of stormwater storage and
infiltration into the ground, and extract the potential
benefits inherent within the stormwater resource?
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PLANNING FOR NATURAL DRAINAGE IN THE CITY
As has been shown, the impervious composition of the urban
landscape, coupled with the traditional engineering goal of
draining storm runoff off the city's surface as efficiently as
possible, have created the downstream pollution effects caused
by combined sewer overflows. If the composition of the urban
landscape and the goals for urban storm drainage remain
unchanged, then all that can be done to solve CSO pollution is
to expand the sewer system downstream with larger pipes and
tunnels, and with additional treatment facilities. Innovation
in urban stormwater management--the control of stormwater
through new ideas in land management--is based on allowing for
change: change in the ways urban land is used and developed,
and change in the goals for moving stormwater from the city
surface. Evidence from other cities that have begun to use
innovative stormwater management approaches shows that urban
land can be modified in creative and beneficial ways to reduce
off-site and downstream stormwater problems, while stormwater
can be allowed to linger a bit longer on some parts of the
urban landscape--without significant detriment or inconvenience
to people and their activities, and often with positive
benefits.
The goal of natural storm drainage in urban areas is to
prevent excess flows of stormwater from entering the sewer
system. This can be accomplished by allowing increased volumes
of stormwater to percolate into the ground, and by providing
space for storing stormwater on the city's surface. These
objectives can be applied at various scales ranging from a
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single plot of land to an entire metropolitan area--a single
building site can be designed to reduce its contribution of
runoff, and a city-wide open space network can be created for
purposes of stormwater management. Whatever the scale, and
whatever specific innovative technique is employed, the goal is
the same: to recreate and reestablish natural patterns of water
flow which existed prior to development and urbanization. This
doesn't mean that buildings should be razed and forests planted
in their place. Rather, it means that existing urban design
and planning principles can be adapted to incorporate new
objectives for stormwater management.
A number of innovative techniques to reduce the generation
and volume of storm sewer runoff from a plot of land have come
into use in recent years. These are described below.
1. Maintaining an area as a vegetated open space: When
possible and consistent with other objectives, land
can be kept undeveloped and protected as a garden,
park, or other open green space. In some cases, land
spaces currently built-up or paved over, can be
restored to vegetated open space.
2. Directing runoff to an off-site open space: Runoff
coming from a building roof or an impervious surface
can be directed or channelled away from the sewer
system and toward a nearby space capable of
accomodating the increased flow. Such spaces can
include existing open spaces such as grassy areas
or parkland, or specially designed spaces such as
infiltration pits, trenches, and seepage areas.
3. Using a pavement surface which allows infiltration:
Some streets, parking lots, and driveways can be
constructed using porous pavement or concrete grids
which allow precipitation to infiltrate to the
soil underground.
There are also a number of innovative ways that stormwater
can be stored temporarily--or even permanently--on the urban
landscape in order to reduce the rate of stormwater flow into
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the combined sewer system:
1. Storing stormwater on building rooftops: Precipitation
falling on impervious flat rooftops becomes runoff which
flows down through the drain and into the sewer system.
Roof drains can be designed to release stormwater more
slowly, allowing stormwater to pond on the rooftop for
a short period of time.
2. Storing stormwater on streets and parking lots:
Where it would not interfere with other urban
activities, stormwater can be allowed to pond
on some sections of streets and parking lots for
short periods of time, by equipping catch basins with
inlet controls which limit the discharge rate of
stormwater into the sewer system.
3. Storing stormwater in plaza areas surrounding buildings:
Outdoor pedestrian plazas in downtown areas can be
designed to allow stormwater to collect and pond in
selected sections by channelling runoff to designated
areas and equipping catch basins with inlet controls.
4. Storing stormwater in urban impoundments: Low-lying
areas in the urban landscape represent potential sites
for constructing basins for the temporary or
permanent ponding of stormwater. Runoff from
surrounding areas can be directed to flow into
such impoundments, instead of into the sewer system.
5. Storing runoff from rooftops in holding tanks: Runoff
from building and home rooftops can be directed into
large tanks which can store stormwater and release
it at a later time.
As these diverse techniques indicate, natural drainage
principles can be applied to developed spaces and undeveloped
spaces in cities. For instance, runoff from a downtown
building site can made to correspond to natural patterns by
releasing stormwater off-site (to the sewer system) at a slower
rate, similar to rates which might be occur on more "natural"
open spaces. Planning for natural drainage is, in essence, a
two-step process: One, is managing land to reduce the volume
of runoff generated--by decreasing the amount of impervious
areas and increasing the quantity of precipitation that
percolates into the ground. Two, is managing land to control
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the rate at which the generated runoff enters the sewer
system--by providing temporary storage of stormwater in various
locations within the city.
INNOVATION MAY REDUCE DEEP TUNNEL COSTS
In the preliminary feasibility analysis for a Deep Tunnel
Plan for Boston Harbor's combined sewer overflow problem, the
MWRA's consultant's, CH2M HILL, estimated the costs of
construction and implementation at around $800 million for an
underground storage capacity of 500 million gallons.13 This is
a very rough initial estimate, and there is good reason to
believe that actual costs may prove to be substantially higher.
As experience has shown with many large public works and
engineering projects, including Boston's Central Artery Project
and the MWRA's Deer Island Sewage Treatment Plant, cost
projections in early planning stages tend to underestimate
actual costs due to changing and unforeseen circumstances. In
addition, the costs of public works construction in the Boston
area during the 1990's will likely be inflated due to the
simultaneous implementation of megaprojects. These projects
will be competing for limited supplies of' workers, equipment,
materials, and space, thus driving up overhead costs for all
construction projects.14 Thus, a more realistic price tag for
the Deep Tunnel Plan (and a convenient one for purposes of
discussion here) would be on the order of one billion dollars.
Innovative land management techniques to reduce stormwater
volumes and lower the rates of storm runoff flows into the
sewer system, have a high potential to lower the costs of a
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deep tunnel solution (or any other end-of-pipe solution). A
1979 report by the United States Comptroller General, entitled,
"Large Construction Projects to Correct Combined Sewer
Overflows Are Too Costly," concluded:
The current approach to solving the pollution aspect
of the combined sewer problem requires vast amounts of
capital.
...a less capital-intensive solution is needed.
Alternatives exist that would enable communities
to take a less costly approach to the problem. These
approaches focus on controlling overflows at the source,
whereas structural alternatives parallel the conventional
practice of building facilities such as new sewers and
large storage facilities. 15
Deep tunnel costs are directly related to the total
storage volume provided. A smaller deep tunnel could reduce
project costs by hundreds of millions of dollars. Reducing
stormwater volumes and temporarily storing stormwater within
the city, could reduce the need for a massive deep tunnel
volume, and could possibly eliminate the need for it
completely. The notion here parallels the logic and
sensibility of energy and water conservation programs: by
controlling the problem at the source, through reducing the
demand for energy or water, the need for large and costly new
facilities or supplies can be reduced. In the case of urban
stormwater, "conservation" of stormwater on the urban landscape
can reduce the need for huge, costly downstream facilities.
In line with the earlier discussion of resource flows
through urban areas, combined sewer systems are part of the
disposal system for the stormwater resource. Stormwater flows
freely into the Boston ecosystem, and a price is paid for
disposing of that stormwater in Boston Harbor. The Deep Tunnel
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Plan is a one-billion dollar expense to dispose of stormwater
in the conventional one-way flow-through manner: stormwater
comes in, it is quickly disposed of into the sewer system, and
a large cost is imposed on society to increase the size of the
disposal system. This is illustrated in Figure 2-4:
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Figure 2-4 Conventional Management of Stormwater
In contrast to this, innovation in stormwater management
recreates the cyclical pattern of resource flow, creating
opportunities to extract benefits from the stormwater resource,
and possibly reducing downstream disposal costs. This is
illustrated in Figure 2-5:
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Figure 2-5 Innovative Management of Stormwater
46
It can be seen then, that the costs of a combined sewer
overflow solution include more than just the costs to implement
a disposal project, such as the Deep Tunnel Plan. It also
includes the lost value--the benefits foregone--associated with
throwing away, and not profiting from, the stormwater
resource. In reducing "Deep Tunnel Costs," innovation provides
a way to:
1) lower the dollar cost of the project, and
2) recover some of the economic, social, and environmental
benefits inherent within the stormwater resource.
EXAMPLES OF INNOVATION IN OTHER CITIES
Urban land, and the structures built upon it, can be
designed and used in ways which contribute to a reduction in
stormwater volume and flow. The use of innovation in other
cities provides useful demonstrations of how stormwater can be
conserved and managed successfully on the surface of the urban
landscape. Many cities and suburbs in recent years have
employed innovation to varying degrees in response to specific
local problems, such as river flooding, sewer backups, limited
wastewater treatment capacity, and combined sewer overflows. A
sampling of representative examples from several cities is
presented here. Denver shows how downtown office buildings and
plazas can be designed to provide temporary storage of
stormwater. A residential housing project in Canada
illustrates how a neighborhood playground can double as a
temporary stormwater detention pond. Portland, Maine and
Skokie, Illinois show how streets and parking lots can provide
temporary stormwater detention at low cost, and with minimal
inconvenience. An office/hotel complex in Itasca, Illinois
shows how stormwater can serve as a supplemental water supply
source. The Woodlands, a planned new community in Texas, shows
how a city's open space system can be designed to meet goals
for natural drainage, urban greenspaces, climate and air
quality, wildlife habitat, water conservation, and recreation.
A number of cities using stormwater drainage fees show how
cities can charge developers and property owners a fee based on
the site's runoff contribution to the municipal sewer system.
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CHAPTER 3
BUILDINGS DESIGNED FOR RUNOFF CONTROL
Looking down from a vantage point high above a modern
city, one can see that a great portion of the urban landscape
consists of buildings, with their roof surfaces and surrounding
plaza spaces (Figure 3-1). From the point of view of
stormwater flow, a building development creates a water-tight
cap on a land site just as well as asphalt paving on the
ground. Precipitation falling on a building site is a major
contributor to stormwater in sewer systems. Clearly, it would
be difficult to reduce the volume of stormwater generated by a
building, but there are simple architectural techniques that
would allow a building to provide temporary storage of
stormwater, thus slowing down the rate of runoff contribution
into the sewer system. Denver has pioneered such building
designs, becoming a model for cities all around the world.
Figure 3-1 Buildings Cover A Large Portion of Landscape
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The sources of storm runoff from an urban building are the
rooftop and the plaza-sidewalk area at the base of the
building. Both of these building elements can be designed to
reduce the rate at which runoff comes off of the building site
and enters the community's drainage system. Recognizing this,
the City of Denver in 1969 established a policy requiring all
new or renovated buildings in the downtown redevelopment
district to detain stormwater on-site. This policy was enacted
to avoid an expensive public works alternative--upgrading the
storm sewer system to accommodate the increased runoff. Dozens
of buildings in Denver now stand as examples of how buildings
can be designed for runoff control (Figure 3-2).
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Figure 3-2 Buildings in Downtown Denver Are Designed
to Delay the Flow of Storm Runoff Into Sewers
50
A building designed to provide temporary storage of
stormwater on its flat rooftop simply requires a drain device
which limits the speed at which runoff flows off of the roof
and into the gutter. During rainstorms, the device causes
precipitation to pond up to three inches high on the rooftop,
allowing flow to enter the gutter at a slow, steady,
pre-determined rate. The weight of the water, and the presence
of ponded water, do not generally impose problems for
conventional buildings.2 Most building roofs are required to
support structural loads greater than the water load, and most
roof surfaces are designed to be waterproof, to keep stormwater
from leaking into the building's interior.
An alternative design to provide temporary storage of roof
runoff is the use of a holding tank. During rainstorms, runoff
can be directed into the holding tank, to be released to the
sewer system, or be re-used, at a later time. Several
L
buildings in Denver utilize such tanks, which can be located
inside or outside of the building. '
A building's ground level open space and plaza area can
also be designed to store some stormwater temporarily. This
can be achieved by creatively shaping the plaza space so that
some sections are at lower elevations than others. During
rainstorms, runoff can be directed to a lower-elevation section
of the plaza, where an inlet control device in the catchbasin
causes water to pond up to several inches. Such plazas can be
designed so that stormwater detention does not interfere with
pedestrian access. Figure 3-3 shows photos of two plazas in
downtown Denver.
3YU-
Figure 3-3 Plazas Around Buildings Are Creatively
Designed to Provide Stormwater Storage
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STORMWATER PONDED WITHIN URBAN NEIGHBORHOOD
Stormwater in a typical urban neighborhood comes from
streets, sidewalks, driveways, roofs, and other surfaces, and
flows down through catch basins into the public sewer system.
Viewing a several-block-wide residential neighborhood as a
distinct land drainage area creates possibilities for managing
stormwater within the area--rather than disposing of the water
quickly into sewers. An inner-city residential neighborhood in
Ottawa, Canada, redesigned by Michael Hough, is a demonstration
of the potential for storing runoff and benefitting from its
integration within the neighborhood environment.
A park and playground in the common open area of the
residential neighborhood in Ottawa serve multiple functions,
including runoff reduction and stormwater storage. The
low-elevation section of the park area is designed as a
hard-surface play area when dry, and a stormwater detention
pond when wet. Other areas of the park are covered with grass
and vegetation, providing comfortable spaces for meeting and
playing, and allowing precipitation to percolate into the
ground.
Michael Hough identifies two objectives for the design of
the park:
1. To demonstrate on a small scale the creative and
practical alternatives to traditional site development
practice in storm drainage in an inner-city park;
2. To create a resource that would integrate environmental
with educational and recreational objectives, i.e.
storage and slow-release of urban drainage to create
temporary ponds for play and recreation that are
dynamically tied to the hydrological cycle.3
He further describes the multiple-use opportunities of the
detention pond area:
The character of the pond is continually changing. During
winter it may become an ice surface for skating. During the
summer it is filled periodically after a rain and slowly
drains away. The hard surfaced bottom is designed to take
intensive use and contured to permit many different
activities, depending on whether it is wet or dry. Thus
children's activities respond to the changing environment.
After a rainstorm, activity focuses on water play; when the
pond dries out it becomes a place for roller skating,
skateboarding, or whatever activity is currently in vogue.
Figure 3-4 shows the site plan of the stormwater detention park
within the residential neighborhood.
Lebreton Park and surrounding residential housing
Figure 3-4 Source: City Form and Natural Process
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Primrose Street Play
STREETS AND PARKING LOTS FOR STORAGE
Streets and parking lots cover a large percentage of the
urban landscape with impervious concrete or asphalt.
Precipitation falling on these surfaces quickly runs off into
the storm drainage system, contributing significantly to
downstream sewer overflow problems. As an alternative to
expensive sewer system expansion, many cities have begun to use
streets and parking lots as temporary stormwater storage areas.
By keeping stormwater on the surface, and controlling it in
ways which do not interfere with other conventional uses of the
space, the need for downstream engineering solutions can be
reduced or eliminated. Two example cities using street and
parking lot storage are Skokie, Illinois and Portland, Maine.
Skokie, a suburb several miles north of Chicago, is served
by combined sewers constructed in the 1920's. Frequently,
during rainstorms, the flow of stormwater into sewer system
causes combined wastewater to back up into the basements of
homes. Three studies were conducted from 1967 to 1978 to
develop solutions to the problem; all the studies recommended
expensive sewer system expansions which were judged
unaffordable by the community. In 1981, a new study was
conducted, which recommended allowing stormwater to temporarily
pond on certain residential streets as a low-cost solution.
This approach, called Inlet Control, is described in a brochure
prepared by Skokie to explain the new technology to its
residents:
On August 23, 1982, the Board of Trustees took an
important step in alleviating our flooding problem
by adopting a workable, cost-effective plan that would
control the amount of storm-water run off entering the
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Village's sewer system. This would reduce system overlaod
and water surcharge into homes and businesses.
Inlet control technology involves restricting the rate
at which rain water flows off the streets into the sewers
to the extent that there is no overload and water back-up
into basements. The excess rain water is temporarily
stored in the streets. A detailed engineering analysis
is used to determine both the sewer flow and street
ponding capacities. Wherever the level of street ponding
could lead to damage of adjacent properties, storm water
storage facilities are built or sewer improvements are made
to prohibit damage.5
Figure 3-5 shows the steps used in Skokie to prepare streets
for inlet control technology:
Roadway berms maximize
the ponding of water on
the streets by serving
as small scale dams
Flow regulators control
the amount of water
entering the sewer
system
Figure 3-5
Flow Regulators
jf Temporary street ponding
} slows the rate of drainage
flow into the sewer system
Source: Skokie Flood Control Program
Skokie also passed an ordinance in 1977 requiring that all
new developments be designed to provide temporary storage for
stormwater:
The temporary storage of excess storm water runoff shall
be provided by means of on-site storm water retention
and/or detention facilities that are located wholly within
the development in such a manner that will protect the
public health, safety and welfare and will not create
associated drainage hazards to the general public or
adversely affect the normal use of the site, as
determined by the Director of Public Works. 6
In response to this, developers in Skokie have designed many
parking lots to provide temporary storage of stormwater. One
is shown in Figure 3-6. This is accomplished by grading the
lot to create a small depressed area and equipping the catch
basin with an inlet control device. During rainstorms, the
depressed section of the parking lot collects water up to
several inches high for a short period of time until the storm
subsides. Most of the parking area remains well-drained and
unaffected by the stormwater function.
A pnr P4 ANO~ NUS.ETC
Figure 3-6 Parking Lot Designed for Temporary Storage
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Portland, Maine also uses inlet control technology to
allow ponding of stormwater on streets, as an economical
solution to its combined sewer overflow problem. Explanatory
information provided to the City by its consultants declares:
In the past the only method that was considered practical
to alleviate flooding was to increase the capacity from
the location where flooding occurs down to a watercourse
capable of accepting such a flow rate. In many cases this
involves extremely costly structural works and in some
cases where a suitable outlet does not now exist new
watercourses or even deep tunnels, may have to be
provided.
The inlet control system tackles the problems from the
opposite direction, by seeking to control the inflow
of water into a system so as not to exceed that system's
capacity and to use attenuation storage to contain
any excess quantities of water until the system has the
capacity to accept it. By doing so, all existing drainage
facilities are used to the full and any potential problems
are solved at source rather than moving them downstream.
The City of Portland has the distinction of being the first
city to try an alternative approach which does exactly
the opposite of what conventional wisdom says is necessary.7
RUNOFF USED AS A WATER SUPPLY RESOURCE
An innovative office and hotel development in Itasca,
Illinois, a suburb near Chicago's O'Hare airport, demonstrates
how conserved stormwater can be integrated into an area's water
supply management plans. The development, called Hamilton
Lakes, contains 6 million square feet of office and hotel floor
space within a 274 acre site. Designed by John Sheaffer, a
leading expert in ecological urban planning and resource
management, and author of numerous books including Future
Water, Hamilton Lakes is a completely water self-sufficient
community. That is, no water is imported into the site, and no
wastewater or stormwater is discharged off-site. Water is
supplied from an underground reservoir, while wastewater is
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processed using biological land treatment and recharged back
into the aquifer. Stormwater is managed for runoff control and
plays an important role in recharging the water supply.
This excerpt from Future Water describes how stormwater is
managed at Hamilton Lakes and reveals the potential resource
value of stormwater when it is re-integrated into natural
cycles:
Stormwater is carefully managed at Hamilton Lakes, both to
make use of natural precipitation and to control flooding
in heavy rains. The design is such that rainwater and the
melt of snow and ice run off slowly through the soil and
vegetation in the same manner as the project's wastewater.
The design also ensures that stormwater runoff from roofs
and parking lots is guided from building drains and paved
surfaces out to the combination landscape-land treatment
areas. This drainage, as is true of all stormwater runoff
from such surfaces, can be polluted, so it is treated by
the living filter as the liquid percolates into the earth
or moves horizontally to the sediment basins and the lake.
Thus the full complement of stormwater landing on the
project helps replenish its groundwater supply and its
lakes.
At the same time the entire site was designed with flood
control in mind, specifically to control runoff from what
is technically called the 100-year storm. This is the
heaviest rainstorm with a 1-percent chance of occurring in
a given region in a given year. The 100-year storm for the
Chicago region is generally taken as six inches of rain in
24 hours. The Hamilton Lakes site and buildings were
designed to receive the water from a storm of this
magnitude and gradually release it without hazardous
flooding. Thus the utilitarian site also provides a flood
control system that towns and cities generally do not
enjoy.
Indeed, outside of Hamilton Lakes, hardly any other
community in the nation can look favorably upon urban
stormwater as an added, valuable source of water supply.
In most other municipalities stormwater caught by
impervious surfaces remains an insidious source of trouble.
Besides causing floods, it is a leading contributor to
water pollution, and thus a cause for diminishment of
potential water supplies. It gathers up potent ingredients,
from spilled antifreeze to pet droppings, and often
delivers them directly to streams and lakes--or through
combined sewers to conventional treatment plants. The
plants are frequently hit by sudden, storm-induced slugs
of the potent mixture, their purification systems are
knocked out and inadequately treated sewage from all
sources escapes to receiving waters. But if stormwater
could be taken as a resource out of place, rather than
something simply to be rid of, the disposal cost be damned,
it could in fact become an important alternative source
for many a city's troubled water supply.8
URBAN OPEN SPACE PLANNED FOR DRAINAGE
Principles for natural drainage and runoff control,
applicable to a building site or a neighborhood, can also be
applied on a macro-scale, creating opportunties for linking a
city's open space network with stormwater management
objectives. In planning for natural drainage on any scale,
whether it be a single residential lot or an entire
metropolitan area, the key question to be asked is: Where would
the water landing on the surface flow to naturally if no
drainage outlets were provided? Water naturally flows from
higher elevations to lower elevations, and will collect at the
lowest locations. By identifying and mapping the areas where
stormwater would tend to flow and collect, it becomes possible
to know which land areas have potential to contribute to
stormwater management objectives. This knowledge can allow
urban planning to become an ally in the effort to address
stormwater issues. Areas that have valuable functional
relationships with stormwater can be managed as parkland and
open greenspace, while development can take place in the areas
outside of the critical stormwater management zones. A new
town, The Woodlands, near Houston, Texas, was planned according
to these natural drainage principles, and it stands as a model
for what a city could be like if designed in harmony with
nature.
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Designed in the early 1970's by Anne Spirn, author of The
Granite Garden, The Woodlands, a community of over 100,000
population, employs natural drainage as an economical and
multi-beneficial alternative to conventional storm drainage
systems. The design serves to avoid increasing flood hazards
to downstream communities, to recharge Houston's groundwater
supply, and to provide a linked network of parks, trails, and
open spaces for wildlife, recreation, climate control, and air
quality enhancement.
Planning for The Woodlands -began with identifying which
undeveloped lands could serve to convey and soak up rainfall.
When these lands were mapped, development plans were adapted to
allow urban construction only in areas outside of these zones.
Figure 3-7, from The Granite Garden, illustrates the placement
of urban development and activities in relation to the natural
drainage areas.
uLrAM o 3-
Figure 3-7
Anne Spirn describes the natural drainage approach, the
construction process, and the benefits realized in The
Woodlands:
The natural drainage system is composed of two subsystems:
one stores and absorbs rainfall from frequent storms; the
other drains floodwater from major storms. The general plan
responded to the major drainage system by locating large
roads and dense development on ridge lines and higher
elevations, while preserving the floodplains in parks and
open land, and allocating low-density housing to the
intermediate area. Use of the floodplains and drainage
channels as open space works well from both ecological and
social standpoints. Most of the spectacular trees on the
site occur within the floodplains of two major creeks--
large, evergreen magnolias, water and willow oaks, and
towering pines. These same floodplains also harbor a
diverse, abundant native wildlife, including white-tailed
deer, opossum, armadillos, bobcats, and many bird, and
provide the corridors along which they move. The wooded
easements required for drainage and flood control
purposes are in most cases sufficient to insure that all
but the most sensitive wildlife species remain.
Although this larger floodplain network drains runoff from
major storms, well-drained soils and ponds absorb or store
rain close to where it falls, either in private yards or in
nearby parks. This local drainage system responds to subtle
changes in topography and soils. Roads, golf courses, and
parks are designed to impound stormwater and enhance its
absorption by well-drained soils. Maintaining the structure
of these soils, so essential to their ability to absorb
water, required strict regulation of construction
activities. Areas designated as "recharge soils" were left
wooded. In some cases, building construction proceeded
within a fenced-off zone that extended only a few feet on
all sides from the building foundation. This practice has
produced a new town with the appearance of having
literally sprung up within the woods.9
USER FEES BASED ON RUNOFF CONTRIBUTION
A non-stuctural innovation that has become widely used in
many cities throughout the nation is that of charging property
owners and developers a drainage fee based on the amount of
storm runoff coming off the site and flowing into the public
sewer system. The use of such user charges has been found to
be an equitable way of assessing and financing costs of
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community drainage systems.10 The construction and maintenance
of public sewers and drainage systems is a service provided to
urban land users by the community. In the interests of equity,
land users who place large demands on this service should pay
more than land owners who use the system to a lesser extent.
Land that is highly developed and contributes large flows of
stormwater to off-site sewer systems is charged a higher fee
than land that is undeveloped and contributes little runoff.
Runoff contribution is directly related to the percent of
impervious coverage of the land site and to the level of
on-site stormwater management provided. By placing an economic
value on runoff contribution, the community can encourage the
private landowner to control stormwater within the site's
boundaries, rather than passing it on as a problem for the
surrounding environment.
In response to varying local conditions and problems, many
cities--such as: Denver, Colorado; Billings, Montana; Portland,
Oregon; Cincinnati, Ohio; Tacoma, Washington; and numerous
other towns--have instituted user charges for storm drainage.
All of these cities use formulas which link the intensity of
land usage or the percentage of impervious land coverage to a
cost structure. A rate table used in Denver is shown in Figure
3-8. The use of storm drainage charges in these cities
provides models which other cities can borrow and adapt to meet
local needs and objectives.
Typically, the establishment of storm drainage charges
requires state legislative approval, local ordinances, and
strong public support. Engineering and land use studies must
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be conducted to provide information needed toward the
development and justification of a particular rate structure.
Historically, in most cities the storm drainage service
has been provided free of charge to its users. The costs of
stormwater disposal are generally paid for indirectly out of
the general tax fund, which prevents users from knowing what
are the true costs of draining their properties. It's well
known from basic economics that what's provided to users for
free or at very low cost, tends to get overused, wasted, and
taken for granted. This has been very clearly demonstrated in
the case of minicipal water supply consumption--the user price
has been so relatively cheap for so long, that people tend to
use much more water than they really need each day. Stormwater
shares the same history in cities: cities have developed into
huge generators of stormwater because there was never any
direct incentive for the builders of cities to do otherwise.
If a sufficient price was attached to the use of the combined
sewer system for stormwater drainage, there would less
stormwater dumped into the sewers, and there would be less
coming in during storm-flow times. If people start looking for
things to do to avoid the cost, they are bound to find a bounty
of creative and interesting ways to design and use their land
surfaces in order to control stormwater on-site. How much less
stormwater would come into sewers if a certain fee was levied?
That's an important piece of information that must determined
(or more precisely, estimated.) But the bottom line is that,
if a property owner is to be in a position to consider
modifying some parts of his land surface to be less of a
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stormwater generator, he would need a way to rationally compare
the costs of modifying the land vs. the costs of "leaving it as
is." If the costs of "leaving it as is" are nil, as is the
case now, a lot of individual decision-makers will choose the
status quo.
RATE TABLE FOR STORMWATER
SERVICE CHARGE: DENVER, COLORADO
Ratio Groupa Rateb
0 to .10 $0.37
.11 to .20 0.47
.21 to .30 0.57
.31 to .40 0.67
.41 to .50 0.77
.51 to .60 0.77
.61 to .70 0.87
.71 to .80 0.97
.81 to .90 1.07
.91 to 1.00 1.17
(Minimum annual charge is $3.70/parcel)
a The "ratio group" represents the ratio of impervious
surface area of a land parcel to the total parcel area.
b The "rate" for a specific ratio group is multiplied by
the amount of impervious area (sq ft) and divided by
100 to determine the annual service charge for a given
land parcel.
(Source: Wastewater Management Div., Dept. of Public
Works)
Figure 3-8
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PART II
WILL BOSTON MISS A "GREEN" OPPORTUNITY?
"...planning for urban water resources is
usually fragmented into consideration of
specific, single-purpose projects. This can
result in missed opportunties for multipurpose
use of faclities. The urban water manager must
go beyond the attack on the problems of "clean
water," and explore the ways in which water--
as an urban resource and natural resource--may
be used to improve the quality of the total
environment."
VICTOR A. KOELZER
OPPORTUNITIES FOR A GREENER ENVIRONMENT
The new CSO solution approach on the horizon is one that
looks for ways to intervene nearer to the source of the
problem--on the land surfaces which generate storm runoff, and
at the points at which runoff drains into the public stormwater
disposal system. The use of this new approach, as evidenced by
information coming in from other cities, has the potential to:
lower the costs of stormwater disposal in the Boston area, and
increase the benefits people derive from their outdoor
environment and its land and water resources.
The goal of the new solution approach is to make the city
landscape more spongy (i.e., water absorbent)--much more spongy
than it currently is. How spongy is it now? How spongy could
it become? This really isn't known--this information needs to
be determined. What is known is that there's a lot of untapped
potential to remodel the landscape to make it more spongy.
This can be accomplished by the incremental actions of
individual property owners as well as community-scale public
works activities involving large areas of common land. All
that's needed is a recognition of this potential, and the
public will to make it happen.
To make the city's surface more sponge-like in certain
places, do we need to invent huge sponges and plant them into
the ground? No. (Although it's an interesting idea to
speculate on). Nature already supplies the perfect sponge--it
is land with soil and plantlife. A patch of shrubs and native
plants, a vegetable or flower garden, a playing field, a
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cluster of shade trees planted in the ground: these are all
sponges on the earth's surface. If we make a conscious,
well-planned effort to protect the sponges we already have, and
to put more of them around the Boston area, we can soak up much
rainfall before it can flood the combined sewer disposal
system.
Making the city more spongy means making the city
greener--literally and ecologically. Literally, more areas
would blossum with green living plants. Ecologically, a
natural solution with many extra social benefits would replace
an expensive, construction-intensive "Seabrook-type"
project--or at least, it would make it possible to build a much
smaller deep tunnel stormwater disposal facility.
In the next few years, hundreds of millions of dollars of
public monies will be assembled and put to use toward solving
Boston Harbor's CSO problem. A rare opportunity emerges here,
to channel that investment of money and human energy toward a
more appropriate and rewarding technological approach, and to
create a better land environment in Boston while simultaneously
cleaning up Boston Harbor.
LESS RUNOFF MEANS MORE GREEN SPACES
For the Boston-area landscape to generate less runoff at
the source, more of it needs to be covered with soil, plants,
and other pervious materials, and less of it with concrete and
paved surfaces. Less runoff then, means opportunities to
create more greenspaces: parks, gardens, urban wilds,
recreation areas, and the like. More greenspaces mean a more
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healthy city, environmentally and socially.
On the social value of plants and gardening within the
city, Michael Hough writes:
The importance of direct involvement with plants through
gardening in neighborhood pride and morale has been
demonstrated in Britain and the United States. Cultivating
gardens in low-income areas of Chicago, Philadelphia and
New York is reported to have encouraged residents also to
improve the surroundings of their neighborhoods. In
planting, growing and protecting a garden, people find
opportunities for social contact with neighbors. A sense
of community is created.1
"The Greening of Boston," a 1987 report from the Boston
Foundation-Carol R. Goldberg Seminar, is another recent
research effort documenting the value of greenspaces to the
quality of urban life, and calling for increased public
commitment to maintaining and creating better public
greenspaces. The report states:
The presence of parks and open spaces affects every aspect
of our lives in the city--the things we do or don't do, how
we think of ourselves, our behavior, even our reason for
living. They affect us individually, in groups, and as a
whole--physically, psychologically, socially, and
economically. Because they fulfill basic needs, they are an
effective intervention point for many of the city's social
difficulties, providing inroads on issues of race, poverty,
and even education. They play an important economic role,
not only in providing jobs, but in their effect on property
values, on the tourist and shoppers trade, and on the
attractiveness of the city to businesses, workers, and
developers. And they play a critical environmental role,
providing, among other things, clean air and flood
control. They are key to a healthy community.2
The report identifies the present time as a key moment of
opportunity for Boston's environmental future, and it offers a
vision and a plan for turning that opportunity into a
reality--for making Boston known as a City of Parks and
Islands. The report alludes to the use of urban greenspaces
for flood control, but it doesn't strongly link the effort to
solve the combined sewer overflow problem with the vision for a
greener city. This is not a criticism of the report, which is
an excellent and important piece of work. Rather, it's an
observation that a potentially significant linkage was not
fully expressed in the report. Making that linkage more
apparent is one of the primary aims here in this report.
TWO NEW "OLMSTED-STYLE" PARKS FOR BOSTON
In the latter part of the nineteenth century, landscape
architect Frederick Law Olmsted created for the people of
Boston a wonderful system of parks and greenspaces. He
designed the Emerald Necklace, a chain of parks and gardens
linked by a'flowing waterway, as a solution to an unhealthful
sewage flooding problem in the Back Bay. He planted a
tree-lined parkway along Commonwealth Avenue to make the Back
Bay route into Boston Common beautiful, comfortable, and
memorable. These open spaces, designed over 100 years ago, are
invaluable pieces of Boston's environment today, helping to
make the city a better place to live, work and visit. In a
very real sense, many of the features of the Boston-area open
space environment are gifts from the past--had not Olmsted and
the people of Boston toiled to reshape the landscape back then,
the greenspaces enjoyed by people today would not be here.
The goal of solving Boston Harbor's combined sewer
overflow problem through innovative land management contains
the potential for today's generation to hand down an
"Olmsted-style" gift of greenspace to tomorrow's generation.
Two ideas have already surfaced which link the need for new
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inner-city parkland with the goal of stormwater control. One
is Anne Spirn's suggestion to create a linked network of
neighborhood parks designed to control locally-generated storm
runoff--something like an "Emerald Thread" running through
Boston's neighborhoods. Another is the suggestion from "The
Greening of Boston" participants to create a tree-lined,
fountain-graced Central Artery Boulevard, to replace the
existing elevated highway which is scheduled for depression.
Anne Spirn's idea to create a new network of small
neighborhood parks is described in a 1985 Boston Globe
interview (May 26):
Outside downtown Boston there is room to detain
stormwater runoff on present open space--an opportunity
to avoid repeating what, in Spirn's view are past mistakes.
Thus naturally wet areas, like those in the Dudley
neighborhood, might become linear parks that thread their
way through the neighborhoods and beyond.
Spirn observes that low-lying land in Boston's
neighborhoods used to serve as floodplains prior to modern
development. Attempts to build on this wet land have generally
been futile, as evidenced by the numerous abandoned lots in the
lowest parts of the Dudley neighborhood. She suggests that
when these areas are redeveloped, the low-lying spaces should
remain open as parkland, allowing water to take its natural
course, instead of having to fight nature to move the water
elsewhere. Figure 4-1 shows photos of the current neglected
conditions of the low-elevation lands along Brook street
(appropriately named since a brook did once flow there) in the
Dudley area of Boston. With an infusion of public money, this
area could be redesigned to resemble an Emerald Necklace park.
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Figure 4-1 Low-lying Land in the Dudley Neighborhood of
Boston Has Potential Value as New Parkland
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The planners, academicians, politicians, businesspersons,
citizens, and other visionaries who participated in the
preparation of "The Greening of Boston" report, have developed
a list of "possible dreams" for what the future city could
become. One of those dreams is the development of a common
open space corridor along the land that will become available
when the Central Artery is depressed. In addition to providing
a comfortable retreat from the harsh conditions of the
surrounding environment, the Central Artery Boulevard is also
proposed to provide storage for storm runoff. The dream is
briefly described:
The Central Artery has been depressed and the deck at grade
level includes a green boulevard which is famous across the
country. It is landscaped with fountains and pools that
retain storm water overflow and cool the ambient air.
Sitting areas and the relocated and expanded Haymarket are
shaded with species of trees developed at the city's
Franklin Park Greenhouses to withstand urban conditions and
restricted planting areas. Visitors and Bostonians alike,
emerging from the subway stations at either end of the
Artery, are struck by the curving vista of trees and
spraying water against the backdrop of stepped-back
buildings.3
The Central Artery Boulevard could be this generation's
version of the Commonwealth Avenue Mall, an open space gift
that will remain as a source of pleasure and purpose for many
years to come. Likewise, the Emerald Thread could be an open
greenspace jewel, serving current and future residents in the
continuing tradition of the Emerald Necklace.
POSSIBILITIES FOR CREATIVE INTEGRATION
The control of stormwater within the city, and the molding
of the landscape to make that control possible, create
bountiful possibilties for integrating stormwater management
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objectives with other quality-of-urban-life objectives. The
key is to creatively link different urban goals and
activities--to integrate them--so that they can work together
in harmony toward common ends. Innovative stormwater
management activities can be integrated with other vital urban
environmental and social objectives. Some areas of possible
integration are highlighted below.
AIR QUALITY AND CLIMATE: Plants and trees can be used to
improve air quality and moderate the heat-intensifying effects
of urban spaces. Streetscapes and parks created or redesigned
for runoff control, could also be planned to filter out auto
air pollutants, redirect flows of wind, and provide shade and
natural air conditioning.
WATER SUPPLY: Stormwater can be used in various ways as a
source of water supply for non-drinking purposes. Stormwater
stored on a rooftop or in a tank could be used to flush toilets
or water lawns and gardens. A stormwater detention pond could
provide cooling water for nearby industries, or serve as a
back-up fire-fighting water source.
LAND PRODUCTIVITY: Urban land, with healthy soil and living
plants, can be a productive source of food and other organic
commodities. A program to increase the amount of urban
greenspace could be coordinated with goals to increase the
productivity of urban land for the benefit of residents.
SLUDGE MANAGEMENT: Sludge, the by-product of the sewage
treatment process, is a potentially valuable soil-building
resource. Typically, large amounts of money are spent to
dispose of sludge. Sludge could be used to a large extent as
part of the effort to create new parks, gardens, and other
pervious land surfaces, thus saving on costs of purchasing
soil, and reducing the costs of sludge disposal.
LOCAL JOBS: A program to manage land for stormwater control is
ideally suited to a public works program putting young people
and unemployed city residents to work. Much of the work
involved in rehaping the landscape would require low skilled
labor. Local land management projects could create jobs
directly in the neighborhoods where people live. Work could be
close to home and there would be the personal satisfaction
derived from working on the land and participating in a
community-improvement program.
COMMUNITY REDEVELOPMENT: Innovative stormwater management
projects, implemented within communities, could provide the
money, the blueprint, and the inspiration, for initiating new
plans for the redevelopment of street blocks, neighborhoods,
and entire communities based on ecological wisdom.
74
The possibilities for integrating stormwater management
objectives with other important social and environmental
objectives can be best realized in inner city neighborhoods in
need of redevelopment and investment. In these areas, public
money that would otherwise be spent on digging deep holes in
the ground can instead be spent on the land where people live
and work everyday. The land in inner city neighborhoods needs
improvement, and the people in inner city neighborhoods need
opportunities to support themselves and their families. Local
projects to modify land for stormwater purposes can help meet
both of these needs. Neighborhood streets and open spaces can
be designed to be more beautiful and safe, with new trees,
parks, and food gardens; while people in these neighborhoods
can be put to work to make all of this happen. The flow of
money into neighborhoods-in-need, and the process of tapping
into untapped human energy and spirit, can generate a "ripple
effect," wherby local economies begin to turn, increasing local
wealth, bringing in new investment and jobs, and decreasing the
incidence of social tension and crime caused by poverty and
lack of hope.
STEPS TOWARD A MORE ECOLOGICAL CITY
An ecological city is an economical city. Resources are
not wasted, money is not put to unnecessary use, and costs and
problems are not passed on to future generations. An
ecological city is one that recognizes where its problems come
from, and how those problems interrelate with each other. It
doesn't throw money at lots of single problems when there are
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cheaper and more effective ways to treat problems as part of an
interconnected group. An ecological city is supported by
life-support systems that tap into nature's energy--letting
nature do work that would otherwise need to be provided by
expensive, technological facilities. An ecological city
manages its resources wisely, getting the most value out of
them, and disposing of used materials safely--without harm to
other ecosystems, and without risk to future generations. It
is a place where people do not need to be trapped in cars for
hours each day commuting dozens of miles from home to work,
burning scarce energy and polluting air in the process. It is
a place that is pleasant and safe to live and work in: with
outdoor spaces that are comfortable, healthful, and purposeful,
and with people who feel good about themselves and their
relationships with their neighbors. An ecological city is a
place where people don't need to spend huge sums of effort and
money fighting disease and crime--because with these social
ills reduced, human energy and imagination is freed to pursue
more constructive and creative endeavors.
The use of innovative solutions to the combined sewer
overflow problem can be a major step toward making the Boston
area work as an ecological city. "Water is the city's
lifeblood." 4 It connects and supports all elements of- the
urban environment. If water management follows ecological
principles, then a solid foundation is established for the
ecological development of the entire city. However, if the
ecological cycle of water flow is broken by human activities
and technologies, then the city's ability to function in an
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ecological manner is severely limited and impaired.
Looking to the land for solutions to the combined sewer
overflow problem opens the door wide to possibilities for
sweeping out old, unproductive, and destructive land uses and
replacing them with uses and structures that will be
sustainable and economical into the 21st century. Many city
planners and landscape architects have drawn up plans which
outline the ideals and layouts for efficient and ecological
urban villages of the future. They await the call from that
first daring city willing to put good ideas into practice.
Boston could become that city.
OBSTACLES TO INNOVATION
The decision on how to solve Boston Harbor's combined
sewer overflow problem rests with the MWRA, the agency that
legally assumed the responsibility back in 1986. Thus, the
prospects for using innovative techniques to solve the problem
are, to a large degree, determined by the factors driving the
MWRA's decision. From this perspective, a number of
significant obstacles to innovation emerge, increasing the
likelihood that the Boston-area will overlook new CSO solution
possibilities and miss out on a green opportunity.
First, previous consulting engineers'studies on
alternative CSO solutions gave no consideration to controlling
runoff at the source. As a result, the institutional and
public mindset has developed around a fixed notion that the CSO
problem requires some sort of end-of-pipe structural solution.
And it is unlikely that the MWRA's current team of consulting
engineers will do much to change that notion.
Second, the entire Boston Harbor Clean-up program is
proceeding under an extreme sense of urgency and time pressure,
created by continual threats from the EPA, and the progress
schedule of the federal court. The MWRA is required by the
court schedule to identify by December 1988 the solution
approach it will use to solve the CSO problem. These external
pressures on the MWRA serve to narrow the agency's focus onto
the most direct path to solving the water pollution problem
and prevent it from taking the time necessary to thoughtfully
consider innovative alternatives.
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Third, the MWRA is responsible for solving the CSO
problem, but as a regional authority it is not in a position to
implement innovative land management: land use controls and
development guidelines are local municipal responsibilities.
This institutional conflict provides the MWRA with a convenient
justification for dismissing innovation: it would seem
unfeasible from an institutional and practical standpoint.
And finally, the extra social and environmental benefits
derived from an ecological approach to stormwater management
are values which are difficult to quantify and assess on any
one agency's accounting ledger. As a result, these benefits
may not figure into the MWRA's thinking when it makes its
decision. To accurately determine these benefits would require
additional time and investigation. And besides, in making its
decision, the MWRA will be looking at the bottom line from its
accounting perspective, seeking to minimize costs to
ratepayers. Benefits falling outside of the MWRA's perspective
are not likely to have an impact on the judgements made by the
MWRA and its consultants.
NEW APPROACHES OVERLOOKED BY ENGINEERS
It has been observed of the consulting engineering
profession that firms tend to favor large, conventional,
stucturally-intensive solutions to municipal sewer problems
over other low-cost innovative options. The United States
Comptroller General reported in 1978:
Big projects are built because that is the way things
have traditionally been accomplished. Some biases show up
in the reluctance to turn to less costly alternative
approaches. 1
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John Sheaffer, a proponent of innovative resource management
plans, and a designer of many successful un-conventional
wastewater treatment plants, writes:
The worship of big, costly, traditional structures,
ostensibly to solve our clean water problems, is a
religion not to be easily changed or displaced...it
amounts to an impregnable barrier against innovative
solutions that could be applied to our most serious
water problems.2
The engineering field is so oriented in a certain way
that engineers prefer to go on building plants as they have
always been built. 3
It appears that such an orientation played a part in the
CSO studies conducted in 1967 and 1975. Neither one of these
studies considered as an option controlling runoff at the
source before it can enter the combined sewer system. The EMMA
study made mention of source controls, but dismissed it with no
further investigation:
Flow attenuation through land use management and provision
of runoff retention on roofs, pavements and in open areas,
although not generally applicable in densely developed
urban area, are also means of source control. (Page 4-7)
In the combined sewer area of Metropolitan Boston, source
controls such as land use management or runoff retention
are not considered feasible. (Page 4-7)
Source controls, such as ponding, are not considered
feasible measures due to the highly developed combined
sewer areas and because such do not provide positive
measures at the outfalls once overflow does occur. (Page
6-2)
Although the recommendations from these studies were not
enacted, they left a mark on the institutional and public
mindset in regards to potential solution approaches to the CSO
problem. Subsequent discussions and debates over CSO
responsibility took it for granted that the only way to get at
the problem was through end-of-pipe storage and treatment
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facilities. This perception of the problem has influenced the
way the MWRA, the EPA, the Federal Court, and the public, view
the CSO problem. Missing from most memoranda and public
discussions on the matter are recognition of the existence of
source controls and their potential applicability in the Boston
area.
(Recently, however, the Advisory Board to the MWRA
recommended that the agency and its consultants look into
source control of runoff as a way reduce the need for a large
deep tunnel disposal system. The MWRA agreed to ask CH2M HILL
to review source control options, but the depth and extent of
this review is unknown at this time. The depth and intensity
of the review is critical because a cursory evaluation would
not be sufficient to adequately determine the potential
effectiveness of innovative techniques. Given the history and
inertia of the project to date, and the strong emphasis being
placed on deep tunnel analysis, it is likely that CH2M HILL
will evaluate innovation conceptually, and arrive at a
conclusion that the technology is unproven and unfeasible for
the Boston area.)
MWRA PRESSURED TO MAKE A QUICK DECISION
All major decisions made by the MWRA concerning the Boston
Harbor Clean-up have been made under pressure of the federal
court-ordered progress schedule. All projects relating to
improving the sewage treatment facilities and ending the
discharge of sewage sludge are also on "fast-track" schedules.
Paul Levy's familiar quote, "We're being forced to squeeze
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twenty years of work into ten years," expresses clearly the
fact that the MWRA is being steamrolled toward one, and only
one, goal--to clean up the harbor as quickly as possible--by
the EPA and the Court.
Under these conditions, it is unlikely to expect the MWRA
Board of Directors to do anything which would seem to indicate
a slowing-down of progress toward a cleaner harbor. This
presents an obstacle to innovation, because in order to
adequately consider its use, it would need to be studied
further. The MWRA is required by the court schedule to select
a CSO solution approach by December 1988. Given the fact that
innovation has never been studied before, and that it is not on
the recognized agenda of legitimate options, it is unlikely
that the MWRA Board of Directors would have the needed
incentive and information to include innovation as part of its
year-end decision. To adequately consider innovative options,
the MWRA would probably need more time before it can make its
decision. This would carry apparent risks to the MWRA, given
the ferocity of the EPA's and the Court's oversight and
expectations.
INNOVATION REQUIRES LOCAL RESPONSIBILITY
MWRA responsibility for the CSO problem creates practical
obstacles to utilizing innovative approaches which control
storm runoff before it can enter the sewer system. Because
communities maintain responsibility for catch basins and local
collecton sewers, and because decisions on land use and
development planning are local minicipal responsibilities, the
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MWRA is not in a position to directly implement innovative
solutions. The most the MWRA could do is encourage or require
communities to reduce stormwater flows into the sewer system.
When the MWRA assumed responsibility for solving the CSO
problem, it, in essence, let the combined sewer communities
"off the hook." It relieved them of the large cost concerns
which were hanging over their heads for many years. Knowledge
that the MWRA will take care of the problem, and pay for it
(which means all the sewered communities will share the costs),
the five communities with combined sewers have little incentive
to change the way stormwater drains from their surfaces into
the combined system.
MWRA responsibility for the CSO problem obscures the need
for shared responsibility between the agency and the
communities. If innovation is to be used, the communities are
going to have to accept responsibility to make it happen. The
MWRA will still need to maintain responsibility for handling
whatever stormwater does get into the system.
As things currently stand, the MWRA is well-suited to plan
and carry out conventional end-of-pipe solutions, which are
both technically and politically expedient. To include local
responsibility in the CSO solution effort would require a
redefinition of'responsibility, and a reformulation of the
MWRA's relationship with its combined sewer communities.
EXTRA BENEFITS DIFFICULT TO ACCOUNT-FOR
The extra social and environmental benefits that are
attainable from land management programs and policies to
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control runoff are of the sort that don't carry obvious price
tags. Benefits such as a more beautiful neighborhood, slightly
cleaner air, personal enjoyment from growing vegetables in a
garden, or an enhanced potential for future community
development, are subjective and uncertain to certain degrees.
In addition to extra benefits, there are also potential
additional costs to society that are difficult to quantify
also--such as the inconvenience associated with a temporary
pond of water in a shopping mall parking lot, or the risks of
children falling into a neighborhood pond. These also carry no
easy price tag. For an urban area to fairly compare a solution
approach X with an alternative solution Y, estimates of these
kinds of additional non-monetary benefits and costs need to be
attempted. Making such estimates would require some level
study, and would necessarily be an imprecise procedure. For
the MWRA to make an effort to commit to such an analytical
effort, it would first have to have reason to believe that the
effort is worthwhile or needed.
Because many extra benefits fall outside of the area of
harbor water quality, it raises complex questions about how
costs should assessed, and about what costs and benefits the
MWRA should account for when it makes its decision.
Consider, for instance, a simple cost-benefit scenario:
Say solution A is to build a 500 million gallon deep tunnel at
a construction cost of $1 billion. And solution B is to
combine innovative land management with a smaller deep tunnel
holding only 250 million gallons; with a land management
implementation cost of $600 million, and a deep tunnel cost of
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$600 million--for a total cost of $1.2 billion. But as a
result of programs to control runoff at the source, say there's
an estimate of $300 million in extra net benefits generated in
various ways.
From a societal perspective, solution B is more
economical, having a net cost of $900 million ($1.2 billion
minus $0.3 billion). But if the MWRA was the one entity paying
for the entire implementation cost of solution B, it would
raise the MWRA's cost from $1 billion to $1.2 billion. Would
the MWRA choose to this higher priced project if it had to pay
for all of it? Unlikely. How should costs be allocated so
that the MWRA isn't penalized for choosing a better
alternative? This question would need to be fairly sorted out
if society is to wind with the better technological solution.
PART III
MAKING ROOM FOR INNOVATION
"Getting started late should mean we're doing
the first of the new things rather than the
last of the old. With the experience of other
areas and the brainpower in Massachusetts we
should come up with better solutions."
PAUL LEVY
PUBLICIZING INNOVATIVE OPTIONS
The single-most significant factor affecting the prospects
for utilizing innovative CSO solutions is the simple fact that
innovative options are not well-known among citizens or
decision-makers in the Boston area. There are many
institutional, political, and technical hurdles to overcome in
making room for innovation, but the energy needed to jump those
hurdles must first be generated by sparking the public's
interest in these new ideas and the opportunities they offer.
Publicizing innovative options through a variety of events and
media is the most important first step--without which,
recommended subsequent steps will not have the foundation of
public interest and support that would be required to carry
them through to completion successfully.
A CONFERENCE OF EXPERTS IN BOSTON
To focus public attention on opportunities for innovative
CSO solutions, to establish firm credibility for innovative
ideas, and to inspire the interest for further investigations,
some of the nation's leading urban planners and landscape
architects who specialize ecological design should be invited
to Boston for a weekend conference and asked to outline what
they believe would be the best course of action toward solving
the CSO problem. With media coverage of this unique event,
awareness of innovative options could be enhanced, a rational
basis for public discourse could be initiated, next steps for
action and investigation would become more focused, and
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decision-makers at the MWRA, the EPA, and the federal Court,
would find it extremely difficult to overlook the new CSO
solution approach.
As indicated in this report, the CSO problem can be looked
at as a mere sewer problem requiring a technological fix, or it
can be an exciting opportunity to re-create and improve
elements of the whole urban environment. Holding a conference
of experts in Boston would be an effort to raise public
awareness of the CSO problem, the decision, and the possible
solution options. The MWRA's upcoming decision will affect
current and future Boston-area residents in profound ways,.and
it should be based on nothing less than the best available
information and ideas.
In order for the MWRA to do the "first of the new things
rather than the last of the old," the MWRA and other major
players need to know what those "new things" are when it comes
CSO solution possibilities. The goal of the conference would
be to discuss what's new in CSO solutions and how those new
ideas might be beneficially applied in the Boston area.
The conference should seek to include many of the
innovators referenced in this report. They all share a common
conviction: that most urban environments are not as livable as
they can be, and that they can be made better through the use
of ecology as the basis for design and problem solving.
Through their ideas, examples, and creative vision, cities in
the 21st century can become more sustainable and enjoyable
places to live and work. Several of these persons are listed
below, along with a brief background on their relevant
experience with innovative stormwater management.
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Michael Hough: Author of City Form and Natural Process.
Designer of an urban residential housing development in
Ottawa, Canada, which integrates stormwater and energy
conservation goals with educational and recreational
objectives. Practices out of Toronto, Canada.
John T. Lyle: Author of Design for Human Ecosystems.
Co-designer of an urban floodway channel in Southern
California which provides visual and recreational
amenities along with serving as a catalyst for
revitalizing a downtown area. Teaches at California
State Polytechnic University, Pomona, California.
John Sheaffer: Co-author of Future Water and Urban
Storm Drainage Management. Designer of an office-hotel
complex near Chicago which utilizes stormwater as part
of its integrated water supply-wastewater management
system. Practices out of Wheaton, Illinois.
Anne Whiston Spirn: Author of The Granite Garden: Urban
Nature and Human Design. Lead designer of a new town near
Houston which uses natural landscape drainage to economize
on sewer costs, to provide open space amenities, to reduce
downstream flooding, and to recharge Houston's groundwater
supply. Teaches at the University of Pennsylvania.
Kenneth Wright: Co-author of Urban Storm Drainage
Management. Preparer of Denver's Urban Storm Drainage
Criteria Manual which directs developers to design
buildings and open spaces for runoff reduction and control.
Designer of a large park in Denver which conveys and
stores stormwater while providing space for golf and
recreation.
Nancy and John Todd: Co-authors of Bioshelters, Ocean Arks,
City Farming: Ecology as the Basis of Design. Co-founders
of the New Alchemy Institute On Cape Cod, a research center
focused on investigating and developing renewable energy
and resource management systems based on natural cycles
in agriculture, aquaculture, fuel resources, and urban
design.
The time is ripe for the Boston area to consider new ideas
for solving the CSO problem. Federal funding--which made deep
tunnels possible in Chicago, Milwaukee, and San Francisco--is
no longer available. New lower-cost solutions to CSO's need to
be explored here, especially in light of the enormous financial
burdens imposed by the other elements of the Boston Harbor
Clean-up. The public should insist that the MWRA consider the
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full range of options and not close out potentially beneficial
innovative alternatives. But for the public to rally around
such notions, it must first be informed, and it must be
confident of that information. A conference of experts could
be major stepping stone in raising public awareness and
building public support for innovation.
RECOMMENDATION: A public body such as the MWRA Advisory
Board, or a private organization such as Boston Eco-Design,
should sponsor an "Innovative Technologies for CSO's"
conference, which would include many of the nation's
leading ecological planners and designers who have
studied and pioneered new ways to solve stormwater problems
in other cities. The conference should be a concise two or
three day affair to allow participants to brainstorm about
the potential for applying innovative solutions to Boston
Harbor's CSO problem, and to propose a blueprint for
further action.
PUBLIC DISPLAYS OF LANDSCAPE POSSIBILITIES
To the maximum extent feasible, the process of publicizing
the opportunities for innovative solutions should be a visual
process--allowing citizens to see how the landscape environment
of their neighborhood or city might look if redesigned for
runoff control. This suggests that models and renderings
should be prepared and displayed prominently, to allow citizens
to view the possibilities and to make judgements about whether
such possibilities should be turned into reality.
Citizens need to have a clear understanding and conception
of how proposed changes in land use or land forms might appear,
and how those changes might affect their everyday lives. For
instance, the use of innovation might produce a proposal to
convert a vacant lot into pocket park or a water-storage
community garden. Or it might involve proposing tearing up the
pavement on a residential street and converting the land into a
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grassy parkway or greenbelt. Or it might involve setting aside
huge acres of land for use as a combination park-detention
pond. making these kinds of dramatic changes in people's
surroundings would require that residents participate in the
planning and design process. The first step in this effort
should be the development of prototype models that visually
express the possibilities for landscape redesign.
According to Anne Spirn, "Design is a powerful tool to
forge consensus for major public investment. Design can be a
process of spinning out alternative visions of future Boston,
which, in their number and variety, pose a means of evaluating
what the city might be like under diverse scenarios. Without a
concrete description of the future city, it is not only
difficult to evaluate alternatives, it is next to impossible to
agree on their merits." 1 Among other things, this suggests
that adequate evaluation of innovative landscape-based CSO
solutions cannot be made without designs that are open to
public scrutiny and discussion.
RECOMMENDATION: The combined sewer communities, upon
consultation with urban landscape archtects, and in
conjunction with the MWRA, should produce and display for
public viewing large models, replicas, and drawings
which illustrate what neighborhoods and urban open spaces
can look like if redesigned for runoff control. These
images should be displayed--and equipped with explanatory
information--in prominent and accessible public settings,
such as city halls.
FORUMS TO INFORM NEIGHBORHOOD RESIDENTS
To bring information directly to citizens in
understandable and interesting ways, a regular meeting series
should be established to inform neighborhood residents about
Boston Harbor's CSO problem and the possible solutions to it.
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Preferably these neighborhood forums should be organized and
conducted by a grass-roots citizens group interested in
promoting alternative and innovative technologies for solving
the region's water and other environmental problems.
These meetings should revolve from neighborhood to
neighborhood throughout the combined sewer communities, so that
all citizens have opportunities to learn and ask questions. As
decisions, designs, and activities begin to unfold concerning
CSO solutions, these meetings should continue, presenting
updated information and serving as the locus for local
decisions regarding neighborhood projects for landscape
redesign.
RECOMMENDATION: An existing citizen's or environmental
interest group should consider becoming an advocate for
innovative CSO solutions, conducting neighborhood
forums to publicize these new ideas and their benefits,
and organizing interested citizens in efforts which
enhance the prospects for employing innovative runoff
control technologies in the Boston area.
DEMONSTRATION PROJECTS SHOWING INNOVATION
One of the best ways to enlighten the public on innovative
ways to manage land for stormwater control would be through
real-world demonstration projects in the Boston area. Projects
which show and allow citizens to experience how innovation
works would remove a degree of mystery and uncertainty
surrounding such new ideas. If the public sees that innovative
runoff controls can work effectively, without undue
inconvenience, and with aesthetic and other benefits, then
chances would be greatly enhanced for adopting innovative
runoff controls on a larger scale throughout the metropolitan
area.
An excellent demonstration project in the City of Boston
would be the redesign of City Hall Plaza in the style developed
in downtown Denver. The site is perfectly suited for a
terraced depressed area for temporary stormwater storage. (In
the winter, the stormwater storage area could possibly be used
as a public skating rink, a la New York's Rockefeller Center).
In addition, there is already growing interest in redesigning
the Plaza anyway to make it work better as an open space.
Incorporating runoff control objectives into the Plaza's
redesign process would add environmental elegance and function
to the Plaza, and would make an important symbolic statement
about Boston's commitment to a cleaner Boston Harbor: That the
City recognizes it is part of the problem, and that is setting
an example of how to be a part of the solution. The roof of
City Hall could also be used to demonstrate rooftop ponding on
buildings, by leak-proofing the roof of City Hall and
installing inlet contol devices to regulate the flow of runoff
down from the roof.
A demonstration project should also be developed in one of
the suburban combined sewer communities. A suggested candidate
for incorporating runoff control in a new development's site
plan is the proposed MIT development of the Simplex site. The
new buildings, parking lots, and open spaces could be designed
so that excess runoff does not enter the combined sewer system.
This project would demonstrate more than innovation, it would
demonstrate the university's commitment to testing, developing,
and applying new technologies which may benefit Boston and
other cities around the country.
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RECOMMENDATION: At least two demonstration projects should
be developed in the Boston area to effectively communicate
how innovation can be appropriately designed into buildings
and open spaces. These demonstration projects should serve
as publicity and as a learning experience for decision-
makers and urban architects. The projects should be
studied for their runoff control effectiveness, their
public acceptability, and their practicality. Two
ideal prospects for demonstration projects would be
the redesign of Boston's City Hall Plaza, and MIT's
Simplex development project in Cambridge.
COLLECTING NEW DATA ON THE URBAN LANDSCAPE
To understand better the relationship between urban land
use and the combined sewer overflow problem, and to devise
effective strategies and policies for modifying urban land uses
in ways which contribute to solving the CSO problem, new
information needs to be collected regarding the composition of
the Boston area landscape and its influence on stormwater flows
into the combined sewer system. Specifically: an accurate
determination of how much of the landscape is covered by paved
(impervious) surfaces needs to be made, the percentage of
precipitation which becomes runoff into the combined sewer
system needs to be determined, and the potential for reducing
runoff volumes and flows through area-wide landscape
modifications needs to be quantified. Without this basic
information, fair analyses and wise decisions regarding
innovative CSO solution possibilities would not be possible.
HOW IMPERVIOUS IS THE URBAN LANDSCAPE?
Boston Harbor's CSO problem originates on the hard
surfaces of the urban landscape where rainwater quickly runs
off into the underground sewer system, overwhelming the
capacities of the pipes and treatment plants. To develop
strategies which address the CSO problem at its source on the
urban landscape, more needs to be known about the
landscape--how much of it consists of hard, paved surfaces, and
how much of it consists of soft, grassy, spongy ground
coverings, and what are the coefficients of runoff for various
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areas. The ratio of paved surfaces to unpaved surfaces, for
the area as a whole, and for neighborhoods within communities,
would be a most important measure: serving as an indicator of
the link between land use and the CSO problem, providing a
common starting point for discussions about implementing
programs to decrease the amount of paved surfaces, and
providing a way to monitor progress and changes toward land and
stormwater management goals over time.
Information on the hard (impervious) and soft (pervious)
surfaces of the landscape should be broken down into categories
which facilitate the targetting of innovative policies and
programs. Impervious land uses should be identified by
categories such as: rooftops, streets, parking lots, plazas,
sidewalks, recreational spaces, private yards, and abandoned
lots. Pervious land should be identified soil type and by
categories such as: parks, gardens, urban wilds, vacant land,
and lawns.
Techniques such as aerial photography and computerized
geographical information systems could be used to efficiently
collect, store, and use the gathered data. For instance,
Portland Oregon used aerial photographs to determine the
imperviousness of property-owners' lands for use implementing a
fair stormwater drainage charge in 1977. 1
RECOMMENDATION: The MWRA, in cooperation with the combined
sewer communities, should conduct a survey of existing
land uses to determine how much of the landscape is
covered by impervious surfaces, and how much by pervious
surfaces. This data should be categorized by land use
type, and it should also be geographically organized by
neighborhood or storm-watershed district, in order to
facilitate targetted programs and local decision-making.
This information should be used to quantify the
relationship between impervious coverage of the landscape
surface and stormwater runoff into the sewer system.
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HOW MUCH STORMWATER RUSHES INTO SEWERS?
Precipitation falling onto the urban landscape typically
follows one of three possible routes: evapotranspiration into
the air, infiltration into the ground, or runoff into the sewer
system. All three of these processes occur in cities, with the
form and coverage of the urban landscape being the prime
determinant as to the percent distribution for each route. 2
One study in Canada found that in a typical urban area, 25% of
the precipitation evapotranspirated into the air, 32%
infiltrated into the ground, and 43% entered the sewer
system. This is illustrated in Figure 7-1.
Evapotranspiration Precipitation 100%
40% A^ I I
Pre-urban
Urban
Hydrological changes resulting from urbanisation (from Ministry of the Environment.
Ontario, 1978)
Figure 7-1
A similar study should be conducted in the Boston area to
determine what happens to precipitation which falls on the
landscape. How much of it evaporates into the air, how much
infiltrates into the ground, and how much runs off into the
sewer system, thereby creating the CSO problem? With this
information, decisions can be made about innovative ways to
alter the precipitation distribution pattern so that less
stormwater runs off into sewers, and more water is allowed to
evaporate or infiltrate into the ground.
Each city has a characteristic distribution pattern which
is directly related to the imperviousness of the urban
landscape, its topography, and soil characteristics. The more
impervious the landscape, the more runoff that goes into
sewers. Knowing the amount of stormwater flowing into sewers
during a typical precipitation event, and linking that
information with knowledge of the imperviousness of the area,
the potential for reducing and controlling runoff via
innovative landscape redesign can be determined, and an
innovative CSO control strategy can be developed and evaluated.
RECOMMENDATION: Either the MWRA or the individual combined
sewer communities should conduct analyses to determine the
percent of precipitation that becomes storm runoff, the
percent that infiltrates the ground, and the percent that
evapotranspirates into the air. These analyses should
indicate how landscape coverage influences the relative
destinations of precipitation flows in the Boston area.
Not all urban storm runoff rushes into the sewer system,
however. Some runoff is intercepted in its path by clogged
roof drains, clogged gutters, or depressions in the landscape.
Puddles on streets, rooftops, and other open spaces are
unintentionally designed stormwater storage areas which slow
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the flow of runoff into the sewer system. Eventually, much of
this water will find its way into sewers (although a
significant portion may evaporate), possibly many hours after
the storm subsides, and after the potential for sewer overflows
has passed. The amount of stormwater that is affected by
temporary storage and ponding on the landscape should be
estimated within the framework of the above-recommended study.
This information would serve as an important foundation for
innovative policies and programs which promote the intentional
design of urban open spaces for stormwater storage.
WHAT'S THE POTENTIAL FOR INNOVATION HERE?
Finally, all the data suggested for collection must be put
together in a way that answers the question, "What's the
potential for innovation in the Boston area from a
technological perspective?" This boils down to a determination
of how much stormwater can be controlled by innovative
landscape redesigns, at what costs, and with what benefits?
Say, for instance, that 40% of the combined sewer area is
found to te paved or otherwise impervious, and that this
percentage corresponds to a certain runoff flow into the sewer
system. These questions could be asked: What if this
percentage of imperviousness could be reduced to 38%, or 35%,
or 30%? How much stormwater flow reduction could be achieved
with each percentage reduction? What kind of programs and
policies would be required to make such changes in the
landscape? How much would it cost to implement, and what extra
benefits might be derivable through the process of landscape
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redesign? These kinds of questions are applicable at both the
macro-scale of the entire combined sewer area, and at the
micro-scale of a neighborhood or residential block.
A determination of the potential for innovation should also
include an estimate of the potential range of temporary
stormwater storage that could be provided on the urban
landscape. This determination should answer the questions:
What kind of effort and investment would be required to store,
say, 5 million gallons of stormwater on the landscape? 10
million gallons? 20 million gallons? 50 million gallons? and so
on. How would such storage translate into lower costs for a
deep tunnel? What positive and negative social and
environmental impacts would be caused by such storage programs?
The potential for innovation should be presented in a way
that is both understandable and meaningful to citizens and
decision-makers. Different levels of effort could be used in
applying innovation to help solve Boston Harbor's CSO problem.
Each level of effort would have an associated CSO volume
reduction, a set of required activities, an implementation
cost, and positive and negative impacts. Information on these
issues would help citizens and decision-makers choose the most
attractive and appropriate innovative program for CSO control.
RECOMMENDATION: The potential for applying innovative
CSO solution technologies should be determined by
consultants experienced in innovative stormwater management
techniques. This should include a description of the
variety of ways the Boston-area landscape could be modified
for runoff control objectives, how such modifications would
contribute to solving the CSO problem, and the financial,
social, and environmental effects of such activities.
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ADDRESSING INSTITUTIONAL OBSTACLES
Publicizing innovative options and collecting supporting
data for such options are important steps in making room for
innovative CSO solutions in the Boston area. But even should
these efforts be extremely successful, and even if it is shown
that innovative solutions are technologically feasible, some
fundamental institutional obstacles would remain to be
addressed. This chapter offers recommendations for overcoming
these obstacles and creating an institutional setting which
facilitates the use of ecological ideas for solving the CSO
problem.
REGIONAL ECOSYSTEM MANAGEMENT
A need exists to institutionalize a higher level of
coordination between problem-solving agencies than now
currently exists. This higher level of coordination would
involve an ongoing monitoring of the activities and
expenditures of public agencies, with the intention of
identifying ways to integrate these activities in a more
logical and economical fashion. The identification of linkages
between different problems creates opportunities for solving
more than one problem at a time, and at a lower overall cost to
society. Currently in the Boston area, as in most major
cities, no one is taking a broad view of the urban ecosystem to
see if there are more efficient ways to manage energy,
resources, and wastes. Consequently, with each problem-solving
agency only focusing narrowly on its own area of
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specialization, opportunities for ecological integration are
overlooked and missed.
Anne Spirn suggests that, "while some specialization is
necessary, the absence of a single coordinating agency prevents
the effective management of resources and hazards and
discourages the resolution of multiple problems with one
solution." 1 Michael Hough also identifies a need for an
integrated management strategy for urban land and resources:
"The physical and social value that a resource represents to
the urban environment becomes apparent when it is seen in an
ecological context, which involves connections with other
resources. This implies a management strategy that will
integrate and link the various resources of the city, and
exploit their environmental and social benefits." 2
In the Boston area, the absence of a single coordinating
agency means that innovative solutions to the CSO problem do
not have an institutional advocate. A broader ecological view
of the CSO problem, other major environmental and social
problems, and the interrelationships between them, can best be
institutionalized via the creation of a new regional ecosystem
management and planning agency for the Boston metropolitan
area.
The coordinating entity suggested here is not intended to
be a regulatory agency, rather it's to be an idea agency. It
would be constantly on the look out for more efficient ways to
get things done in the urban setting. It would be a networking
agency allowing different agencies to work together to solve
common.goals, or to share resources. It would see to it that
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the activities of one agency do not undermine the goals of
another agency. It would seek to make the urban ecosystem
function as an efficient machine, with all the parts working
smoothly and in harmony. Without such an agency, it is likely
that some parts will rub against each other, resulting in
wasted resources, higher costs, less effectiveness, and missed
opportunities for creative integration.
RECOMMENDATION: A Regional Ecosystem Management
Commission (REMC) should be newly established, or made part
of the existing Metropolitan Area Planning Commission
(MAPC), in order to provide purposeful oversight and
coordination between the various agencies involved in the
movement of urban resources, and the management and
modification of urban land. This office would encourage
agencies to take a broader ecological view of problems,
which should lead to increased use of
conservation-oriented, innovative, multi-purpose solutions
to urban problems.
One important function of the proposed REMC would be to
determine or estimate the "net" costs of various resource
management solutions considered by urban agencies. These costs
should be.conducted from a broader societal perspective, taking
into account the resource's supply costs, disposal costs, and
use benefits.
RECOMMENDATION: In the absence of a REMC, the MWRA should
conduct a study to determine the net costs of various
CSO solution approaches. This study should seek to answer
the question: What's the optimal solution, or combination
of solutions, from the perspective of the broader urban
region? If such an analysis indicates that the use of
innovative runoff controls would be worthwhile to the
region, then steps should be taken to allocate some
of the costs of innovation to agency sectors outside
of the MWRA, so that the MWRA does not shoulder costs that
are more appropriately borne by other beneficiaries.
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SHARED RESPONSIBILITY FOR CSO CONTROL
While the MWRA has accepted responsibility for solving the
CSO problem, the meaning of "responsibility" must be seen in a
new light to make room for innovation and the associated need
for local responsibility. If innovative solutions are to be a
part of the comprehensive CSO control plan, responsibilities
must be logically defined and shared between the MWRA and the
combined sewer communities.
A sensible way to draw the line of responsibility would be
to make the MWRA responsible for wastewater flows and overflows
within the sewer system, while communities would be responsible
for stormwater flows prior to their entry into the sewer
system. Thus the MWRA would be responsible, as it presently
is, for preventing overflows from spilling out of pipes into
Boston Harbor. And communities would be responsible at the
other end, preventing excess runoff flows from spilling into
the sewer system in the first place.
RECOMMENDATION: "Responsibility" should be redefined
to reflect a cooperative solution approach involving
the MWRA and the combined sewer communities. Such a
redefinition should provide that the MWRA will design and
implement facilities to prevent flows from spilling out of
the CSO pipes; while the combined sewer communities will
be responsible for the planning and implementation of
innovative measures to prevent stormwater flows from
spilling into the sewer system.
ECONOMIC INCENTIVES FOR INNOVATION
To encourage combined sewer communities to implement
innovative land management techniques for runoff control, an
economic incentive must be provided via the MWRA's yearly sewer
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assessments to cities and towns. A community that invests to
reduce or attenuate storm runoff flows should pay
proportionally less to the MWRA than it would have paid had it
not made the effort. Because stormwater management within a
community reduces the cost burden imposed on the MWRA, the size
of the incentive should be related to the marginal savings
realized by the MWRA as a result of the community's effort.
For instance, say Cambridge utilizes a variety of
innovative techniques to provide storage for up to 20 million
gallons of stormwater. This would allow the MWRA to reduce the
design capacity of its deep tunnel by a similar volume, which
would save the MWRA some amount of money. Cambridge's discount
should be related in a logical way to the amount saved by the
MWRA.
In order to establish a fee structure capable of linking
financial incentives with stormwater flow control, the MWRA
would need two pieces of information regarding a particular
community's wastewater flow into the system: the volume of the
flow, and the timing of the flow. The MWRA would need to
measure how much flow a community contributes, and when that
flow occurs. This information is needed because the CSO
problem is both a volume issue and a timing issue, and because
some innovative solutions reduce overall volume, while others
modify the timing of when flow is introduced into the sewer
system. Communities should be rewarded for innovations which
either reduce runoff volumes or delay runoff flows, or both.
The MWRA is currently implementing a "Sewer Metering
Program," which will install meters in sewer pipes throughout
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the district in order to measure wastewater flows from each
serviced community. When this program is completed in the
early- to mid-1990's, the MWRA plans to revise its sewer
assessment formula so that its fees are based on actual flow
volumes from communities. While fees based on volume alone
will encourage the reduction of extraneous inflows into the
sewer system, it will not serve as an encouragement to
innovative landscape storage techniques. To encourage storage
solutions the MWRA would need to know the timing of flows and
base its charges such that flows coming in during peak storm
events are charged at a higher rate than flows coming in after
the storm subsides.
RECOMMENDATION: The MWRA should measure both the volume
of a community's wastewater flow and the time distribution
of such flows. This information should be used to design a
sewer cost allocation scheme which creates an economic
incentive for communities to implement runoff control
measures which contribute to a reduction in combined
sewer overflows.
Communities encouraged by the MWRA to control runoff
should send a similar message down to owners and developers of
urban land. This can be accomplished by a local drainage fee
structure which charges property owners based on the amount of
impervious land cover and the amount of runoff generated by the
site. Dozens of cities, such as Denver and Cincinnati, utilize
such a fee structure. An appropriately designed drainage fee
scheme in Boston and the other combined sewer communities would
create an incentive for developers to design buildings and
surrounding open spaces for runoff control and detention, and
would also generate revenue which could be used to inspect and
maintain drainage facilities.
106
RECOMMENDATION: The Cities of Boston, Cambridge, Chelsea,
and Somerville, and the Town of Brookline, should take
steps towards the development of stormwater drainage fees
to be assessed to property owners based on the land's
runoff contribution to the sewer system. Such a fee
structure should encourage developers to incorporate
stormwater management objectives within designs for new
buildings and developments, and within plans for
renovations of older structures. In addition, these
municipalities should determine which publicly-owned lands
have potential to contribute to stormwater management
goals, and exploit such opportunities where appropriate.
CHOICE FOR COMMUNITIES AND NEIGHBORHOODS
One billion dollars is a reasonable estimate of what it
will cost the MWRA to construct deep tunnels and associated
facilities to solve the CSO problem. While engineers may
initially claim the project will cost less than this amount,
project costs will likely rise over time due to unforeseen
circumstances, costs of mitigation, and the extra-high
construction inflation rate in the Boston area caused by the
simultaneous implementation of other major mega-projects during
the 1990's.
What does one billion dollars mean in terms that are
understandable and accessible to citizens and lay persons? To
express the figure another way, consider the fact that the
total land area serviced by combined sewers is somewhere in the
range of 20,000 acres. The one billion dollar expenditure is a
capital investment to provide effective stormwater drainage
services for this land area. This means that an average of
about $50,000 will be invested per acre of urban land.
Innovative solutions provide an alternative to spending
such large sums of money on intensive construction projects
deep underground. Instead they raise the possibility for
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investing that money above-ground, beautifying neighborhoods
and involving local people in the process.
$50,000 per acre is a lot of money, especially to urban
neighborhoods that are short on jobs and funds' for community
development. For a hypothetical neighborhood covering 1000
acres, this would amount to a whopping investment of fifty
million dollars to provide stormwater drainage services. If
neighborhoods, such as Roxbury for instance, were given the
opportunity to gain access to money for CSO control, they might
choose to spend the money locally via innovative landscape
projects. Such a choice could lead to new and accessible job
opportunities for residents, new levels of community spirit,
purpose and hope, and new urban surroundings which may serve as
models for community redesign in the 21st century.
The issue of local choice is central to creating an
institutional setting which opens the doors to innovative CSO
solutions. If local citizens understand what's at stake, what
the possibilities are, what the trade-offs are, and how they
personally might be affected by a CSO solution decision, they
will be in a position to participate effectively in choosing a
desirable future course for their neighborhood and their city.
To succeed, innovative landscape redesigns cannot be imposed on
a community, rather they must be enthusiastically supported by
local residents. Innovation might be appropriate or desirable
for some neighborhoods, while being inappropriate for others.
Neighborhood residents should have a role in making that
determination.
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RECOMMENDATION: Each combined sewer community should
delineate "drainage districts" which correspond as closely
as possible to neighborhood boundaries and watersheds
for urban storm runoff. Residents within each such
district should be informed of the range of possible
stormwater management solutions and be allowed to
choose democratically the desired solution approach
for their particular district. If a neighborhood chooses
innovative landscape redesign for runoff control, funding
mechanisms should be coordinated with the MWRA and the
municipality in order to ensure coordinated work progress
and an adequate flow of financial resources for local land
management projects.
109
CONCLUDING THOUGHTS
A transition is taking place in the ways cities are
dealing with their water resource problems. An old tradition
involving large structural solutions is fading, and a new
tradition involving source-based solutions is on the rise.
This transition is being fueled by necessity--environmental and
economic circumstances have changed during recent decades, and
cities are beginning to adapt to those circumstances.
The Boston area is about to purchase a technology to solve
its combined sewer overflow problem. Hopefully, this purchase
will be a wise one, not only for the short term, but also for
the long-term. The measure of the wisdom of the purchase
should be more than how quickly it leads to an incremental
improvement in Boston Harbor water quality. Rather, it should
be measured on how it will affect the quality-of-life and the
cost-of-living in the metropolitan area twenty, thirty, fifty,
and even one-hundred years from now. Hopefully, residents of
Boston in the year 2038 will be able to look back and say:
"They made the right decision back in 1988. They left us with
a modern, economical stormwater management system, and a better
urban land environment."
Unfortunately, the Boston area seems to be on the way to
purchasing the old technology because of the inertia of
previous investigations and the singular focus of regulatory
forces. In particular, the EPA and the Court are so intent on
forcing the MWRA to clean up the harbor as quickly as possible,
and at practically any price, that the MWRA's decision options
and criteria are so limited as to satisfy only the short-term
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goals of these bodies, rather than the long-term interests of
the people of the Boston area. While other cities are moving
ahead freely, adapting to economic necessities by using
creative new ideas in stormwater management, the Boston area is
being led along a narrow path by regulatory forces and powerful
engineering traditions, prevented from venturing into greener
fields.
Altering this course will require putting new information
and ideas into people's minds. The information most critical
to this effort is an assessment of the true costs of the both
the old and the new solution approaches. Only when this
information becomes available, will it be possible for the
people of the Boston area to make an informed and wise decision
on how to best solve the combined sewer overflow problem.
Allowing the people of the Boston area to truly
participate in the choice of an appropriate technological
approach to solving the CSO problem is central to the shift
from an old way of interacting with the land to a new way. New
ways of solving environmental problems nearer to the source
invariably require that people realize their connection with
the problem, and that they become part of the solution. In the
past it was convenient for people to simply allow engineers to
take problems away--out of sight and out of mind. But in the
present, new economic and environmental realities demand that
problems be prevented at the source rather than at some
downstream "away" location, and that people approve of the
implications of source-based solutions. Society needs to ask
new questions both of its engineering experts and of its
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itself. It needs to ask its engineers and city-builders to
explore and describe the full range of possibilities and
options for solving problems at the source, and it needs to ask
itself to what degree will it accomodate the trade-offs and
changes required to make room for lower-cost, innovative
solutions to resource management problems. Only when these new
questions are asked, will new answers become possible.
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